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FOREWORD 


, ’rediction  of  climatic  conditions,  as  one  element  of  risk,  is  now 

WELL  ESTABLISHED  AS  ONE  OF  THE  PARAMETERS  INVOLVED  IN  MILITARY  OPERATIONS. 

Based  on  frequency  distribution,  predictions  of  one  element  have  now 

BECOME  STANDARD  PRACTICE.  THE  PREDICTION  OF  TWO  SIMULTANEOUSLY-OCCURRING 
ELEMENTS  IS  MORE  RECENT.  ALTHOUGH  THE  WINDCHILL  CONCEPT  DEPICTING  THE 
COMBINATION  OF  TEMPERATURE  AND  WINDSPEED  HAS  BEEN  IN  USE  FOR  20  YEARS, 

THIS  IS  THE  FIRST  ATTEMPT  AT  DEVELOPING  A  METHOD  FOR  PREDICTING  IT3  OCCUR¬ 
RENCE  BASED  ON  FREQUENCY  TABULATIONS. 

IT  IS  POSSIBLE  TO  PREDICT  THE  PROBABILITY  OF  OCCURRENCE  OF  CRITICAL 
WINDCHILL  LE\  1,  BY  UTILIZING  THE  RELATIONSHIP  WHICH  EXISTS  BETWEEN  WIND- 
CHILL  DERIVEI  FROM  LONG-TERM  TEMPERATURE  AND  WINDSPEED  AVERAGES  (THE  WIND¬ 
CHILL  index)  AND  A  WINDCHILL  FREQUENCY  DISTRIBUTION  OBTAINED  FROM  SIMULTA¬ 
NEOUS  OCCURRENCES  OF  THE  TWO  ELEMENTS.  PREDICTIONS  CAN  THUS  BE  MADE  FOR 
ANY  AREA  IN  THE  WORLD  WHERE  TEMPERATURE  AND  WINDSPEED  DATA  ARE  RECORDED 
AND  ARE  AVAILABLE  AS  LONG-TERM  AVERAGES. 
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ABSTRACT 


Eight  years  of  simultaneous  recordings  of  January  temperature  and 
vindspeed  from  20  North  Ameri can  stati ons  are  used  in  the  development  of 

A  METHOD  FOR  PREDICTING  THE  PERCENTAGE  OF  TIME  WINDCHILL  WILL  LIE  ABOVE 
OR  BELOW  A  GIVEN  VALUE.  A  WINDCHILL  PREDICTION  CHART  IS  CONSTRUCTED.  IT 
COMBINES  THE  SlPLE  NOMOGRAM,  USED  TO  DERIVE  THE  WINDCHILL  INDEX  BASED 
ON  AVERAGE  TEMPERATURE  AND  WINDSPEED,  AND  THE  PREDICTION  MODEL  BASED  ON 
THE  WINDCHILL  FREQUENCIES.  PREDICTION  ERRORS  (RANGE  0  -  240  WINDCHILL 
UNITS,  WITH  AVERAGE  OF  52)  PRODUCE  A  SKEWED  DISTRIBUTION  WITH  64  PERCENT 
OF  THE  ERRORS  LESS  THAN  THE  AVERAGE.  ERRORS  GREATER  THAN  AVERAGE  ARE 
CONCENTRATED  BETWEEN  THE  5TH  AND  30TH  AND  BEYOND  THE  95™  PERCENTILES. 

Magnitude  of  error  increases  as  the  index  increases. 


The  reliability  of  the  prediction  chart  is  tested  by  frequency  records 

FR  -}4  ADDITIONAL  STATIONS.  DEVIATIONS  OF  ACTUAL  WINDCHILL  VALUES  FROM 
THE  PREDICTIONS  ARE,  ON  THE  AVERAGE,  20  WINDCHILL  UNITS  GREATER  THAN 
DEVIATIONS  IN  THE  MODEL.  THE  SAME  GENERAL  PATTERN  OF  ERROR  DEVIATION  IS 
OBSERVED. 


VI  l  I 


A  METHOD  OF  PREDICTING  THE  FREQUENCY  DISTRIBUTION  OF  WINDCHILL 


1.  Introduction 


a.  Purpose  and  method 


This  report  deals  with  methods  developed  for  predicting  the 

PROBABLE  FREQUENCY  DISTRIBUTION  OF  WINDCHILL  IN  AREAS  WHERE  ONLY  THE 
MONTHLY  LONG-TERM  AVERAGES  OF  TEMPERATURE  AND  WINDSPEED  DATA  ARE  AVAIL¬ 
ABLE.  WlNDCIilLL,  A  TERM  FIRST  USED  BY  SlPLE,  193905 )i  THOUGHT  BY 
MANY  INVESTIGATORS  TO  BE  A  MORE  SENSITIVE  MEASURE  OF  COOLING  POWER  THAN 
EITHER  TEMPERATURE  OR  WINDSPEED  DATA  USED  SEPARATELY. 

Climatologists  have  long  been  handicapped  by  a  lack  of  data  suitable 

FOR  USE  IN  HEAT -BALANCE  FORMULAS,  AND  ARE  FORCED  TO  RELY  ON  SUCH  DATA  AS 
ARE  AVAILABLE.  IT  IS  FORTUNATE  THAT  DATA  ON  TEMPERATURE  AND  WIND,  WHICH 
GOVERN  THE  DRY-COOL  I  NO  POWER  OF  THE  ATMOSPHERE,  ARE  AVAILABLE.  TEMPERATURE 
IS  THE  ELEMENT  OBSERVED  AT  THE  MOST  DENSE  NETWORK  OF  WEATHER  STATIONS.  A 
RAPIDLY  DECREASING  NUMBER  OF  STATIONS  OBSERVE  THE  OTHER  ELEMENTS  WHICH 
WOULD  HAVE  TO  BE  CONSIDERED  IN  A  COMPLETE  HEAT -BALANCE  FORMULA.  WHILE 
TEMPERATURE  AND  WINDSPEED  DATA  ARE  AVAILABLE  FOR  MANY  ST  AT  I ONS^  THEY  ARE 
NOT  USUALLY  TABULATED  IN  THE  MOST  USABLE  FORM. 

The  Siple-Passel  formula,  1 9^5( 1 6) ,  is  used  to  establish  the  rela¬ 
tionship  WHICH  EXISTS  BETWEEN  WINDCHILL  LEVELS  (COMPUTED  FROM  MONTHLY 
AVERAGES  OF  TEMPERATURE  AND  W I  NOSPEED)  -  CALLED  THE  "WINDCHILL  INDEX"  IN 
THIS  REPORT  -  AND  WINDCHILL  FREQUENCIES  OBTAINED  FROM  SIMULTANEOUS 
RECORDINGS  OF  TEMPERATURE  ANO  WINOSPCED  ARRANGED  IN  BIVARIATE  CLASH'S. 

A  GRAPHIC  METHOD  IS  DEVELOPED  FOR  DETERMINING  AN  ADJUSTED  WINDSPEED  FOR 
EACH  CLASS  INTERVAL,  SINCE  WIND  CLASSES  WERE  LARGE  AND  OF  VARIOUS  SIZES 
IN  THE  SUMMARIZED  DATA  AVAILABLE.  THE  RESULTS  OF  THE  METHOD  ARE  TESTED 
AGAINST  RESULTS  OBTAINED  BY  USING  WIND  AVERAGES  FROM  THE  SAME  PERIOD  OF 
RECORD.  The  MID-MARK  OF  THE  TEMPERATURE  CLASS  AND  THE  ADJUSTED  WINDSPEED 
OF  EACH  CLASS  ARE  USED  TO  DETERMINE  THE  WINDCHILL  FOR  EACH  BIVARIATE 

class.  Frequencies  obtained  from  this  method  are  tested  against  fre¬ 
quencies  OBTAINED  FROM  CONVERSION  OF  EACH  Bl -HOURLY  SIMULTANEOUS  RECORD¬ 
ING  OF  TEMPERATURE  AND  WINDSPEED  FROM  THE  SAME  PERIOD  AND  FOUND  TO  BE 
RELIABLE. 

A  STATISTICAL  MODEL,  USED  AS  THE  PREDICTOR,  IS  CONSTRUCTED  USING 
THE  RECORDS  FKOM  20  STATIONS.  PREDICTIONS  AT  SELECTED  PERCENTILE  LEVELS 
ARE  TESTED  AGAINST  THE  ACTUAL  OCCURRENCES  OF  WINDCHILL  AT  THE  20  STATIONS 
USED  IN  CONSTRUCTING  THE  MODEL  AND  ARE  FOUND  TO  BE  RELIABLE  WITHIN 
ACCEPTABLE  LIMITS.  FURTHER  TESTING  OF  RANDOMLY- CHOSEN  STATIONS  TENDED  TO 
SUBSTANTIATE  THE  HYPOTHESIS  THAT  THE  PERCENTAGE  FREQUENCY  OCCURRENCE  OF 


WINDCHILL  CAN  BE  PREDICTED  WITHIN  LIMITS  NO  GREATER  THAN  EITHER  YEAR-TO- 
YEAR  FREQUENCY  VARIATIONS  OR  THOSE  WHICH  NAY  OCCUR  FROM  ONE  HOUR  TO  THE 
NEXT,  OR  BY  MOVING  TO  A  MORE  WINDWARD  OR  LEEWARD  SITE  IN  THL  OBSLRV  AT  I  ON 
AREA. 


January  records  have  been  used  in  developing  the  method.  V/hile  the 

METHODS  ARE  APPLICABLE  TO  ANY  MONTH,  IT  IS  NOT  KNOWN  WHETHER  OR  NOT  THE 
RESULTS  OBTAINED  WOULD  BL  COMPARABLE. 

b.  Development  and  application  of  the  windchill  concept 


First  applied  by  Siple  in  193905)  T0  G|Vl-  A  measure  of  the 

RELATIVE  COOLING  POWER  OF  COMBINATIONS  OF  WINDSPEED  AND  LOW  TEMPERATURE, 

THE  TERM  "WINDCHILL"  HAS  GAINED  WIDE  ACCEPTANCE  BY  MILITARY  AND  CIVILIAN 
AGENCIES,  BOTH  IN  THE  UNITED  STATES  AND  ABROAD.  THE  WINDCHILL  CONCEPT 
WAS  INCORPORATED  IN  THE  Cu MATE  ZONE  MAP  SER I ES, 1 9^2 ( 4)  AND  USED  IN  VARIOUS 
REPORTS  OF  THE  ENVIRONMENTAL  PROTECTION  SECTION  OF  THE  OQMG  DURING  THE 
EARLY  1940‘S. 

The  results  or  the  experiments  conducted  in  Antarctica,  1939_4o> 

TOGETHER  WITH  THE  EMPIRICAL  FORMULA  DEVELOPED,  WERE  PUBLISHED  BY  SlPLE 
AND  PASSEL,  1945(l6)  . 

In  THEIR  EXPERIMENTS  (SOME  80  IN  NUMBER),  THE  COOLING  RATE  WAS 
DETERMINED  BY  THE  LENGTH  OF  TIME  REQUIRED  FOR  A  MEASURED  QUANTITY  OF  WATER 
TO  FREEZE  AND  GIVE  OFF  ITS  LATENT  HEAT  OF  FUSION.  COMPARISONS  WERE  MADE 
BETWEEN  THESE  ATMOSPHERIC  COOLING  RATES  AND  A  WINDCHILL  SCALE  ESTABLISHED. 

Lower  limits  of  physical  endurance  were  determined;  and  length  of  elapsed 

TIME  BEFORE  EXPOSED  PORTIONS  OF  THE  BODY  TURNED  WHITE  OR  ACTUALLY  FROZE 
WERE  RECORDED  AT  VARIOUS  WIND  VELOCITIES  AND  SUB-FREEZING  TEMPERATURES. 

The  Siple-Passel  formula  is 

k0  =  (  V  V  X  100  +  10.45  -  v)  (33  -  ta) 


where: 

Kq  =  COOLING  POWER  OF  THE  ATMOSPHERE  IN  KILOGRAM  CALORIES  PER  HOUR 
PER  SQUARE  METER 

V  =  WIND  VELOCITY  IN  METERS  PER  SECOND 

Ta  =  TEMPERATURE  OF  THE  AIR  IN  DEGREES  CENTIGRADE  /33°C*  ( OR  91<4°F.) 
IS  SKIN  TEMPERATURE  UNDER  CALM  CONDITIONS,  AND  ASSUMES  AN  AVERAGE  OUTGOING 
RADIATION  AND  AVERAGE  CONVECTION^ 

The  FINDINGS  OF  OTHER  INVESTIGATIONS  WERE  USED  TO  ARRIVE  AT  THE  CON¬ 
CLUSION  reached.  Nothing  more  was  claimed  for  the  formula  than  the 
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ADVANCEMENT  OF  TH-  KNOWLEDGE  OF  THE  COOLING  POWER  OF  THE  ATMOSPHERE.  AS 
THE  FORMULA  STANDS,  USING  SKIN  TEMPERATURE,  IT  IS  APPLICABLE  TO  THOSE 
SITUATIONS  WHERE  MAN  IS  A  FACTOR;  IT  IS  NOT  APPLICABLE  TO  INANIMATE  OBJECTS 
PER  SE .  Such  APPLICATIONS  would  REQUIRE  a  surface  TEMPERATURE  CORRECTION 
FACTOR. 

The  temperature-wi ndspeed  correlation  might  have  been  made  with  any 

ONE  OF  A  NUMBER  OF  MATERIEL  APPLICATIONS,  SUCH  AS  HEATING  REQUIREMENTS 
IN  TENTS  OR  STATIONARY  SHELTERS,  AND  HAS  BEEN  SO  USED  IN  SUBSEQUENT  TEST 

reports.  In  Little  America  it  was  noted  that  at  400  windchill,  the  snow 

SURFACE  BECAME  TACKY  AND  SOFT.  SINCE  THIS  CONDITION  WAS  INDICATED  AS 
"MIDSUMMER,"  IT  CAN  BE  ASSUMED  THAT  SOLAR  RADIATION  WAS  ALSO  A  CAUSATIVE 
FACTOR  IN  PRODUCING  THE  SOFT  AND  TACKY  CONDITION.  WHILE  TEMPERATURE  AND 
WINDSPEED  ARE  THE  ONLY  CLIMATIC  ELEMENTS  USED  IN  THE  CALCULATIONS  OF  THE 
FORMULA,  THERE  iS  EVERY  INDICATION  THAT  THE  INVESTIGATORS  WERE  WELL  AWARE 
OF  THE  INFLUENCE  OF  SOLAR  RADIATION  DURING  THAT  PORTION  OF  THE  YEAR  WHEN 
IT  WAS  AN  IMPORTANT  FACTOR;  "MIDSUMMER,"  "CLEAR  SUNLIT  DAY,"  OR  "FOGGY 
OVERCAST  DAY"  ARE  A  PART  OF  THE  DESCRIPTIVE  TERMS  USED,  IN  ADDITION  TO 
THE  CALCULATED  WINDCHILL  BASED  ON  WINDSPEED  AND  SHADE  TEMPERATURE.  THERE 
IS  ALSO  A  STATEMENT  AS  TO  THE  PROBABLE  DECREASE  IN  COOLING  WITH  BRIGHT 
SUNSHINE. 

As  COLD  CLIMATES  HAVE  CONTINUED  TO  PLAY  AN  IMPORTANT  PART  IN  DEFENSE 
PLANNING  IN  THE  POST-WAR  PERIOD,  TESTING  OF  ARMY  EQUIPMENT  HAS  BEEN  CARRIED 
ON  IN  MANY  AREAS  OF  THE  NORTHERN  UNITED  STATES,  ALASKA,  CANADA,  AND  GREEN¬ 
LAND.  At  MANY  OF  THE  TEST  SITES,  WIND  AND  TEMPERATURE  DATA  WERE  RECORDED 
AND  CORRELATED  WITH  PERFORMANCE  OF  A  NUMBER  OF  TEST  ITEMS.  BRECKENRIDGE 
AND  WOODCOCK,  1 95° ( 1 )  FR0M  THEIR  TEST  OF  UNITED  STATES,  CANADIAN,  AND 

British  cold-weather  uniforms  on  the  Copper  Man  at  Fort  Churchill,  recom¬ 
mended  THAT  "the  SlPLE  'WINDCHILL'  INDEX  BE  CONSIDERED  ROUGHLY  APPLICABLE 
AS  AN  INDEX  OF  RELATIVE  COOLING  POWER  OF  ENVIRONMENTS  FOR  THE  CLOTHED  MAN, 
BUT  THAT  FOR  SUCH  APPLICATION  THE  UNITS  BE  CONSIDERED  ARBITRARY  RATHER 
THAN  INDICATIVE  OF  BODY  COOLING  IN  Kg  CALs/n^/hR."  THEY  FURTHER  STATE  iN 
REFERENCE  TO  THE  SlPLE  WINDCHILL  CHARTS,  "THE  CHARTS  NEVERTHELESS  INDICATE 
COOLING  WHICH  IS  MORE  IN  LINE  WITH  SENSATION  THAN  THAT  PREDICTED  FROM 
EITHER  TEMPERATURE  OR  WINDSPEED  DATA  ALONE." 

Simultaneous  recordings  of  temperature  and  windspeeo  were  used  in 

THE  ORIGINAL  Si PLE-PaSSEI-  EXPERIMENTS,  THE  DEVELOPMENT  OF  THE  FORMULA,  AND 
CONSTRUCTION  OF  THE  NOMOGRAM.  HOWEVER,  IT  BECAME  NECESSARY  TO  USE  THE 
SUMMARIZED  MONTHLY  AVERAGES  OF  THC  AVAILABLE  INDIVIDUAL  ELEMENTS  IN  ORDER 
TO  MAP  WINDCHILL  AS  DEPICTED  IN  NORTH  AMERICA  JANUARY  AND  JUL Y  MAPS, 

19^3(3)  AND  THE:  Climate  Zonc  Maps,  1943-44(4),  on  which  windchill  isolines 

WERE  USED  FOR  THE  ZONES  BELOW  FREEZING.  THIS  WAS  ALSO  THE  METHOD  USED  IN 
THE  MONTHLY  MAPS  OF  CANADA,  1947(2).  EACH  PUBLICATION  HAS  BEEN  BASED  ON 
AVERAGE  TEMPERATURE  AND  WINDSPEED  DATA  THAT  WERE  MORE  VOLUMINOUS  AND  BETTER 
THAN  THAT  OF  ITS  PREDECESSORS.  IN  THE  LATEST  PUBLICATION  ON  THE  SUBJECT 
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BY  F  ALKOWSK I  AND  H AST  I NGS,  1 95°(7) >  1>00°  STATIONS  WERE  USED  IN  COMPILING 

the  Northern  Hemisphere  map  or  mean  January  windchill.  This  report  also 

CONTAINS  REFERENCES  TO  THE  EARLIER  REPORTS,  WINDCHILL  FACTOR  TABLES,  AND 
THE  SlPLE  WINDCHILL  NOMOGRAM.  THUS  FOR  15  YEARS,  ALL  MAPPING  OF  THE  WIND¬ 
CHILL  FACTOR  HAS  RELIED  ON  SUMMARIZED  DATA  COMBINED  AND  ASSUMED  TO  BE  A 
TRUE  AVERAGE  WINDCHILL.  THE  VALIDITY  OF  USING  AVERAGES  OF  TEMPERATURE  AND 
WINDSPEED,  AND  ASSUMING  IT  TO  BE  A  TRUE  MEAN  WINDCHILL,  WAS  QUESTIONED  BY 
MANY,  BUT  THE  NECESSARY  DATA  FOR  TESTING  THIS  ASSUMPTION  WERE  UNAVAILABLE. 

However,  with  the  establishment  of  the  Data  Processing  Unit  of  the 
Weather  Bureau  at  Asheville  it  became  feasible  to  manipulate  sufficient 

DATA  TO  GIVE  THE  METHOD  A  FAIR  EVALUATION.  IN  1946  THE  AUTHOR  REQUESTED 

(through  Air  Weather  Service)  the  frequency  tabulations  of  simultaneous 

TEMPERATURE  AND  WINDSPEED  DATA  FOR  THE  ALASKA  STATIONS.  THIS  FIRST  SUMMARY 
INDICATED  THAT  WINDCHILL  FROM  AVERAGES  DID  NOT  PRODUCE  THE  SAME  MEAN  VALUE 
AS  WINDCHILL  FROM  FREQUENCIES.  HOWEVER,  THE  AjR  FORCE  RECORDS  WERE  FOR 
SHORT  PERIODS,  IN  SOME  CASES  INTERRUPTED,  SO  THEY  WERE  NOT  SUITABLE  FOR 
A  REALLY  THOROUGH  INVESTIGATION  OF  THE  METHOD. 

IN  THE  MEANTIME,  COURT,  1948(5)  HAD  MADE  A  CRITICAL  ANALYSIS  OF  WIND¬ 
CHILL,  POINTING  OUT  THAT  THE  FORMULA  NEGLECTED  TO  TAKE  INTO  ACCOUNT  ALL 
AVENUES  OF  HEAT  LO^S  FROM  THE  HUMAN  BODY.  ALSO,  HE  AGAIN  EMPHASIZED  THE 
POSSIBILITY  OF  ERROR  FROM  COMBINING  AVERAGES  OF.  SEPARATE  ELEMENTS  IN  LIEU 
OF  SIMULTANEOUS  RECORDINGS.  HE  ALSO  POINTED  OUT  THE  NEED  FOR  VERIFICATION 
OF  IDENTICAL  WINDCHILL  VALUES  ASSIGNED  TO  DIFFERENT  WINDSPEED  AND  TEMPERA¬ 
TURE  COMBINATIONS.  THERE  HAS  BEEN  NO  ATTEMPT  TO  ANSWER  THIS  CRITICISM  IN 

this  report.  Neither  has  any  attempt  been  made  to  resolve  windspeeds  (as 

given  IN  THE  SUMMARIES)  TO  THE  HEIGHT  OF  A  MAN. 

Within  the  past  3-year  period  there  have  been  two  major  collation  jobs 

USING  SIMULTANEOUS  TEMPERATURE  AND  WINDSPEED  RECORDS.  In  THE  FIRST,  5 
YEARS  OF  TEMPERATURE  AT  VARIOUS  WINDSPEEDS  AND  RELATIVE  HUMIDITIES  HAVE 
BEEN  SUMMARIZED  BY  THE  WEATHER  BUREAU  ON  A  MONTHLY  BASIS  FOR  117  FIRST- 
ORDER  STATIONS  IN  THE  UNITED  STATES  (21 ) .  In  THE  SECOND,  MONTHLY  FREQUEN¬ 
CIES  OF  SIMULTANEOUS  RECORDINGS  OF  TEMPERATURE  AND  WINDSPEEDS  FOR  326 

Northern  Hemisphere  stations  were  prepared  by  the  Asheville  Weather  Records 
Center  (8).  These  data,  in  most  cases,  are  for  at  least  8-  or  10-year 
periods.  These  two  sources,  together  with  the  10  years  of  bi -hourly  data 
from  Fort  Churchill,  constitute  the  data  used  in  this  report  for  formu¬ 
lating  hypotheses,  constructing  statistical  models,  and  testing  model  per¬ 
formance. 


c.  Frequency  predictions  of  climatic  elements 


The  requirement  of  the  Armed  Forces  to  be 
environment  at  any  time  and  place  has  engendered  a 
determine  the  extremes  of  environment  which  may  be 


ABLE  TO  OPERATE  IN  ANY 
SERI ES  OF  STUDI ES  TO 
ENCOUNTERED.  THESE 
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STUDIES,  USUALLY  BASED  ON  A  SINGLE  ELEMENT,  HAVE  BEEN  SUMMARIZED  IN  SUCH 
REPORTS  AS  THOSE  OF  SlGSENWINE  AND  COURT,  1 951 ( 1 7) )  AND  FURTHER  ADVANCED  FOR 

THE  Air  Force  Geophysics  Research  Off  ice,  1957(18) .  Based  on  past  climatic 

OBSERVATIONS,  FREQUENCY  OF  OCCURRENCE  OF  CRITICAL  CONDITIONS  HAS  BEEN 
ESTABLISHED  TO  GIVE  THE  PROBABLE  ELEMENT  OF  RISK  INVOLVED.  IN  PROJECTING 
THE  PROBABLE  FREQUENCY  OF  OCCURRENCE  IN  AREAS  WHERE  FREQUENCY  DATA  ARE 
NOT  AVAILABLE,  NOTABLE  ACHIEVEMENTS  HAVE  BEEN  MADE  BY  SPREEN, 1 95^( 1 9) ) 

Lackey,  1957(10) ,  1958(11),  and  1 960(  12) ,  and  Westbrook,  1958(23) .  This  led 

TO  THE  IDEA  THAT  IT  MIGHT  BE  POSSIBLE  TO  PREDICT  THE  PROBABLE  FREQUENCY  OF 
TWO  ELEMENTS  COMBINED  AS  A  SINGLE  ENTITY,  E.G.,  WINDCHILL. 

For  this  purpose  it  is  assumed  that  the  Siple  windchill  formula  is 

ACCEPTABLE  FOR  THE  TEMPER ATURE -W I NDSPEED  COMPLEX,  JUST  AS  DEW-POINT  OR 
WET-BULB  TEMPERATURES  ARE  ACCEPTABLE  FOR  THE  TEMPERATURE-HUMIDITY  COMPLEX. 

Laboratory  and  field  experiments  will  test  and  verify  the  importance  of 

V/INDCHILL  ON  MAN,  IN  THE  NUDE  OR  WITH  COMBAT  UNIFORM.  IT  IS  REALIZED 
THAT  IT  WILL  TAKE  MANY  MORE  EXPERIMENTS  SUCH  AS  THE  CLIMATIC  CHAMBER  STUDY, 
BY  lAMPIETRO,  1958(9)  AND  THE  EXPERIMENTAL  WORK  IN  PROGRESS  AT  MAYNARD 

Test  Site*,  (established  in  1 959/  before  any  index  of  cooling  power  can  be 

VERIFIED  OVER  THE  ENTIRE  RANGE  OF  CONDITIONS  ENCOUNTERED  IN  ACTUAL  OPERA¬ 
TIONS  IN  THE  FIELD.  THE  POSSIBLE  APPLICATION  OF  THE  WINDCHILL  FORMULA 
TO  PLRFORMANCE  PREDICTION  OF  MAN-OPERATED  EQUIPMENT  IN  ARCTIC  AREAS  WAS 
CONSIDERED  REASON  ENOUGH  FOR  REOPENING  AN  EVALUATION  AND  PREDICTION  STUDY 
OF  WINDCHILL. 

2.  Preliminary  investigation  of  windchill  prediction 


Eight  stations  were  selectec  from  the  1 1 7  stations  in  the  Weather 
Bureau  Summaries  (21),  mentioned  above,  to  test  the  feasibility  of  a 
frequency  prediction  method.  As  had  been  done  in  all  previous  windchill 

MAPPING  STUDIES,  LONG-TERM  AVERAGES  OF  TEMPERATURE  AND  Wl NDSPEED  WERE 
USED  TO  COMPUTE  THE  WINDCHILL  INDEX,  USING  THE  SlPLE  WINDCHILL  TABLE  ( 3) • 

January  data  were  used  in  the  model  since  it  is  assumed  that  January  would 

PROBABLY  PRODUCE  THE  HIGHEST  WINDCHILL  INDICES.  TABLE  I  GIVES  PERTINENT 
STATISTICS  FROM  THE  LONG-TERM  AVERAGES  FOR  THE  8  STATIONS. 


Several  steps  were  necessary  before  the  data  from  the  Weather  Bureau 
Summaries  (21)  could  be  used.  Windspeeds  had  to  be  adjusted  to  a  more 

REPRESENTATIVE  AVERAGE  FOR  EACH  WINDSPEED  CLASS.  MlD-MARK  FOR  TEMPERATURE 
AND  THE  ADJUSTED  WINDSPEEDS  WERE  THEN  CONVERTED,  USING  SlPLE  WINDCHILL 
TABLES,  TO  THE  APPROPRIATE  WINDCHILL  VALUE  FOR  THE  BIVARIATE  CLASSES. 

Windchill  incidents  in  each  5-°egree  temperature  and  adjusted  mid-point 

or  V/l  NDSPEED  CLASS  V'ERE  CONVERTED  TO  PERCENTAGE  AND  THE  CUMULATIVE  FRE¬ 
QUENCIES  ESTABLISHED. 


a.  Adjusted  wi ndspeeds 


THIS 


Wind  is  the  more  sensitive 

IS  BECAUSE  WINDCHILL  INCREASES 


ELEMENT  IN  THE  WINDCHILL  FORMULAE; 
VERY  RAPIDLY  FROM  CALM  TO  1  MILE  PER 


'Maynard  QM  Test  Activity,  Maynard,  Mass. 


TABLE  I 

8  STATIONS  CONSIDERED  FOR  PRELIMINARY  WINDCHILL  MODEL 


Station 

Average 

Temp. 

January 

WINDSPEED 

WINDCHILL 

Index 

~HT 

(  mph) 

(Kg  cal/m^/hr) 

Duluth 

10.3 

12.3 

1275 

Mi nneapol 1 s 

1 4.6 

IO.5 

1175 

Billings 

22.9 

12.6 

1090 

Cheyenne 

25.5 

14.2 

IO70 

Chicago 

24.9 

10.9 

1020 

Spokane 

24.9 

8.2 

955 

St.  Louis 

33-3 

12.6 

920 

Denver 

28.7 

9.6 

930 

*  Rounded  to  the  nearest  multiple  of  5 


NOTE:  The  above  data,  along  with  selected  percentile 

FREQUENCY  LEVELS  OF  WINDCHILL,  WERE  USED  IN  CONSTRUCTING 
THIS  FIRST  TRIAL  MODEL.  THE  WINDCHILL  INDEX  WAS  PAIRED 
WITH  INDIVIDUAL  FREQUENCY  LEVELS  OF  WINDCHILL  AND  A 
LEAST  SQUARES  TREND  OBTAINED. 


HOUR,  AFTER  WHICH  POINT  IT  CONTINUES  TO  INCREASE,  BUT  AT  A  DECREASING 
RATE.  IT  IS  THUS  IMPORTANT  TO  HAVE  THE  WINDSPEEDS  AS  NEARLY  CORRECT  AS 
POSSIBLE.  The  WINDSPEED  CLASSES  IN  THE  SUMMARIZED  DATA  WET E  NOT  ONLY  NON- 
UNIFORM,  BUT  RATHER  LARGE  FOR  THE  PURPOSE  IN  MIND:  0-4,  5~l4,  1 5 -24  AND 
OVER  25  MILES  PER  HOUR.  EACH  CLASS  INTERVAL  IS  ONLY  A  SEGMENT,  REGARDLESS 
OF  THE  MAGNITUDE  OF  THE  TOTAL  DISTRIBUTION.  IT  IS  THUS  POSSIBLE  TO  PRO¬ 
DUCE  A  CUMULATIVE  PERCENTAGE  FREQUENCY  WIND  CURVE  FOR  EACH  STATION,  AND 
DETERMINE  THE  AVERAGE  WINDSPEED,  OR  THE  ADJUSTED  AVERAGE  WINDSPEED  FOR 
EACH  CLASS  INTERVAL.  By  THIS  METHOD,  CUMULATIVE  FREQUENCIES  WERE  PI  OTTED 
AGAINST  THE  BOUNDARY  VALUES  OR  END  POINTS  OF  THE  WIND  CLASS  INTERVALS  IN 
IDENTICAL  FORMATS  FOR  EACH  STATION,  USING  WINDSPEEDS  AS  THE  X  AXIS  AND 
PERCENTAGE  FREQUENCIES  AS  THE  Y  AXIS.  FOR  THE  100TH  PERCENTILE,  THE  ALL- 
TIME  MAXIMUM  WINDSPEED  FOR  EACH  STATION  WAS  USED.  THERE  WERE  RELATIVELY 
FEW  INSTANCES  OF  WIND  ABOVE  THE  25-MILE  LIMIT  AT  ANY  OF  THE  STATIONS 
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SELECTED,  BUT  WITH  ONLY  4  KNOWN  POINTS,  A  5th  AT  THE  lOOtH  PERCENTILE 
PRODUCED  A  I  TER  CURVE.  THE  AMOUNT  OF  CALM,  INCLUDED  IN  THE  FIRST  CLASS 
INTERVAL,  WAS  UNKNOWN,  WHICH  MADE  IT  IMPOSSIBLE  TO  PROPERLY  ASSESS  -  WITH 
i HF  PRECISION  NECESSARY  -  THE  LOWER  SECTION  OF  THE  CURVE  IN  THE  VERY 
AREA  WHtRt  AN  ACCURAIE  READING  WAS  THE  MOST  VITAL  FOR  PROPER  WINDCKiLL 

values.  The  wind  curves  for  3  stations  -  Phofnix,  Chattanooga,  and 
Amarillo  -  with  wide  differences  in  average  windspeeds,  are  used  to 

ILLUSTRATE  THE  METHOD  AND  ASSESS  THE  ACCURACY  OBTAINED  (FlG.  1 )  . 

The  accuracy  of  the  wind  curve  was  assessed  by  a  comparison  of  the 

MEAN  WINDSPEED  OBTAINED  BY  THE  GRAPHIC  METHOD  AND  THAT  OBTAINED  BY  THE 
MID-MARK  METHOD  BY  USING  THE  FORMULA 


1.1 


Where: 

FI  IS  THE  FREQUENCY  OF  THE  CLASS  WHOSE  MID-VALUE  IS  XI 

N  IS  THE  NUMBER  OF  CLASSES 
N 

N  =  FI  THE  TOTAL  FREQUENCY 

I -I 


The  ASSUMPTION  WAS  MADE  THAT  EACH  STATION  HAD  100  OBSERVATIONS  AND  THE 
PERCENTAGE  OF  OBSERVATIONS  WITHIN  EACH  CLASS  WOULD  CORRESPOND  TO  THE  F| . 

The  XI  WOULD  IN  TURN  BE  THE  ADJUSTED  WINDSPEED  FOR  EACH  CLASS  INTERVAL 
FOR  THE  GRAPHIC  METHOD,  AND  THE  MID-MARK  FOR  THE  SECOND  (m|D-MARk) 

METHOD.  An  ARITHMETIC  MEAN  WAS  THEN  OBTAINED  OF  THE  YEARLY  AVERAGES  FOR 
THE  5  YEARS  CORRESPONDING  TO  THE  PERIOD  FOR  WHIf.l  THE  FREQUENCY  TABULATIONS 
WERE  AVAILABLE.  TABLE  II  SHOWS  A  COMPARISON  OF  EACH  OF  THE  METHODS  FOR 
THE  3  STATIONS  AND  A  SUMMARY  OF  RESULTS  OBTAINED. 

TO  DETERMINE  THE  AVERAGE  WINDSPEED  FOR  A  CLASS  INTERVAL  FROM  THE 
STATION  WIND  CURVE,  (SEE  FlG.  1  -  AMARILLO)  A  VERTICAL  LINE  WAS  DROPPED 
FROM  THE  END  POINT  OF  THE  CLASS  INTERVAL  TO  INTERCEPT  A  HORIZONTAL  LINE 
FROM  THE  BEGINNING  OF  THE  INTERVAL.  THE  MID-POINT  ON  THE  VERTICAL  LINE 
WAS  DETERMINED  BY  PROPORTIONAL  DIVIDERS  AND  A  HORIZONTAL  LINE  DRAWN  FROM 
THAT  POINT  TO  CONNECT  WITH  THE  WIND  CURVE.  THE  POINT  OF  INTERSECTION  ON 
THE  WIND  CURVE  INDICATES  THE  ADJUSTED  WINDSPEED  FOR  THE  CLASS  INTERVAL, 

AND  IS  READ  ON  THE  WINDSPEED  SCALE  DIRECTLY  BELOW  THE  INTERSECTION. 

For  Phoenix,  the  adjusted  averages  for  the  class  intervals  produced 

AN  AVERAGE  WINDSPEED  OF  3*^35  MPH  FOR  THE  5  YEARS  OF  THE  FREQUENCY 


7 


CUMULATIVE  PERCENT 


TABLE  II:  COMPARISON  OF  GRAPHIC  AND  MID-MARK  MFTHODS 
OF  OBTAINING  AVERAGE  WINDSPEEDS  OF  CLASS  INTERVALS  AT  3  STATIONS 


Wind  Class' 
mph 


Graphic  Method 


Mid-Mark  Method 


0-  4 

5-1 4 

15-24 

Above  25 


0  -4 
5-1 4 
15-24 

Above  25 


0-  4 
5-1 4 
15-24 

Above  25 


FI 


XI 


FI  XI 


Wind  Class 
mph 


5T  = 


69-5 
29.0 
1  .0 


•5 


100.0 


1(5070 


38-5 

53-0 

8.0 

•5 

100.0 

726.9 

100.0 


9.0 

53.0 

ft 

100.0 


12 

TO 


W 


A.  Phoenix 


7-7 

20.0 

32.0 


104.25 

223.30 

20.00 

16.00 


0-  4 
5-1 4 
15-24 

Above  25 


363.55 

3-64 


T  = 


B.  Chattanooga 


2.4 

9.0 

17-5 

35-0 


92. 4o 
477.00 
i4o.oo 
17.50 

726.9 


0-  4 
s-i4 
15-24 
Above  25 


FI 

XI 

FI  XI 

69.5 

2.5 

l6l  .25 

29.0 

10.0 

290.00 

1  .0 

20.0 

20.00 

.5 

30.0 

15.00 

100.0 

486.25 

486.25 

1O0.C 

=  4.86 

38-5 

2.5 

96.25 

53* 0 
8.0 

10.0 

570.00 

20.0 

160.00 

•5 

55-0 

17.50 

100.0 

803.75 

=  7.27 


803-75 

100.0 


8.o4 


C.  Amarillo 


3-o 

10.0 

17.2 

32.0 

27.00 

530.00 

576.20 

i44.oo 

0-  4 
5-1 4 
15-24 
Above  25 

9.0 

53-o 

2.5  22.50 
10.0  530.00 
20.0  670.00 
36.5  164.25 

1277.2 

> 

100.0 

1386.75 

=  12.77 

X  = 

1386.75 

=  13-87 

100.0 


SUMMARY  OF  AVERAGE  WINDSPEEDS  (M.P.H.)  AT  THREE  STATIONS 


Long-term  Average 

5-Year  Average  (Weather  Bureau  Data) 
5-Year  Average  Graphic  Method 
5-Year  Average  Mid-mark  Method 


Phoenix  Chattanooga  Amarillo 


4.2 

3-64 

3*64 

4.86 


13-i 

12.76 


12. 

13- 
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TABULA,  IONS;  THIS  COMPARES  MOST  F AVORABL  Y  WITH  THE  3*64  SPEED  PRODUCED  BY 
AVLRAGING  EACH  OF  THF  INDIVIDUAL  5-YEAR  AVERAGES .  ThC  ALTERNATIVE  ( MID- 
MARK  METHOD  (4.d  EXCEEDS  THE  GRAPHIC  METHOD  BY  1.22  MILES  PER  HOUR.  THE 
AVERAGE  WINDSPEED  BY  MID-MARK  METHOD  ACTUALLY  EXCEEDS  THE  LONG-TERM  MEAN 
FOR  EACH  OF  THE  ;  STATIONS,  ALTHOUGH  THE  5-YEAR  AVERAGE  IS  IN  EACH  CASE 


A  STUDY  OF  THE  3  STATIONS  ILLUSTRATEJ  GIVES  OTHER  INTERESTING  COM¬ 
PARISONS.  For  a  low-average-windspeed  station  like  Phoenix,  the  adjusted 

Pf.ro  BY  WINPSPEED  CLASSES  IS  VERY  DIFFERENT  FROM  THAT  OF  A  STATION  WITH 
A  RELATIVELY  HIGH  AVERAGE  WINDSPEtD  LIKE  AMARILLO.  CHATTANOOGA,  A  MID¬ 
RANGE  WINDSPECD  STATION,  GIVES  STILL  DIFFERENT  ADJUSTED  WINDSPEED  FOR 
EACH  I  ND  CLASS.  THE  ERROR  AT  PHOENIX  WAS  GREATER  BY  THE  MID-MARK  METHOD 


BY 


33  i/2 


,,0 


3-64 


=  1-335  and  1.335  -  1.00  =  .335 


,  "  M'^o  METH0D  THE  ERR0R  at  Phoenix  by  the  graphic  method  was 

— '--fi  “  ‘  998  “  1.00  =  -.002  OR  ABOUT  1/5  OF  1  PERCENT  ERROR. 

3.64o 

From  a  study  of  these  3  stations  it  does  not  follow  that  the  error 

DECREASES  WITH  INCREASES  IN  AVERAGE  WINDSPEED,  AS  THE  RESULTS  WOULD  BE 
DEPENDENT  ON  THE  DISTRIBUTION  AND  WOULD  NEED  TO  BE  RESOLVED  ON  AN  INDI¬ 
VIDUAL  STATION  RECORD.  |T  CAN  THEN  BE  SEEN  THAT  WHERE  ONLY  BIVARIATE 
SUMMAR.2ATI0NS  OF  TEMPERATURE  AND  WINDSPEED  DATA  ARE  AVAILABLE  FOR  ESTI¬ 
MATING  THE  WiNDCHILL  FOR  THE  BIVARIATE  CLASSES,  IT  IS  ESSENTIAL  THAT  THE 
MORE  SENSITIVE  ELEMENT  (WINDSPEED)  IN  THE  CALCULATION  BE  ESTIMATED  AS 
ACCURATELY  AS  POSSIBLE. 


The  ADJUSTED  WINDSPEEDS  for  the  8  STATIONS  selected  for  the  prelim¬ 
inary  INVESTIGATION  ARE  GIVEN  IN  TABLE  III. 

B  *  WiNDCHILL.  V  ALOES  FOR  THC  8-STATION  MODEL 

MPAM  THE  MID_MARK  F0R  EACH  5r°  TEMPERATURE  CLASS,  AND  THE  ADJUSTED 

n  ^'’1!I5SFE!:D  °F  EACH  CLASS  VERE:  used  AS  THE  VALUES  FOR  EACH  BIVARI  ATE 

s  $n  FoR-iTor.}!0  ™  ^ 

es.:°  ram- 

“"U-#T,VL  -"“UCNCY  DISTRIBUTION  or  WIMMHILl  MO  BADE  FOR  OF  THE  B 

nT.I.ST"  T,BLt  ,V-  |T  “'L1-  B-  «™  THAT  THE  50™  PERCE^aE 
WHICH  HAS  BEEN  RlrrnTrN  ^  'NDCXi  ™,S  P0,NTS  UR  ™E  OF  THE  CRITICISMS 

EYING  !  „  REGARD  T0  THE  USE  °E  LONG-TERM  MEANS  FOR  SPFC- 

YING  WINDCHILL  AND  ASSUMING  IT  TO  BE  A  TRUE  MEAN. 

c  *  PgEP'Cnqi^OF  PERCENTAGE  FREQUENCY  BY  LEAST  SQUAR E S 

The  METHOD  OF  LEAST  SQUARES  WAS  USED  IN  DEVELOPING  THE  RELATION 
SHIP  BETWEEN  THE  WINDCH.EE  INDEX  OBTAINED  FROM  EONg!T^  AVERAGES OF 
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TABLE  I  I  I 

ADJUSTED  W I  NOSPEEDS  IN  RELATION  TO 
STANDARD  CLASS  INTERVALS 


\£iass  Interval 

STATICW\ 

— o r 

5-1 4 

15^4 

25  and  Over 

Duluth 

2.4 

9.4 

18.5 

29.0 

Ml NNEAPOL 1 s 

2.2 

8-5 

17.0 

27.O 

Billings 

2.0 

9.4 

18.2 

26.5 

Cheyennc 

2.1 

9-5 

18.0 

30.25 

Chicago 

2.5 

10.2 

16.6 

27.O 

Spokane 

2.0 

8.2 

16.7 

27.O 

St.  Louis 

2.2 

9.0 

17.2 

26.0 

Denver 

2.2 

7.8 

17.5 

30.0 

TEMPERATURE  AND  WINDSPEED,  AND  THE  ACTUAL  FREQUENCIES  FROM  THE  5-YEAR 

period.  Predictions  were  made  for  the  least  and  the  greatest  windchill  to 

BE  EXPECTED  AND  FOR  EACH  INTERVENING  1 OTH  PERCENTILE.  IT  WAS  NOTED  THAT 
PERCENTAGE  FREQUENCIES  BETWEEN  THE  20i'H  AND  THE  80th  percentile  could  be 
PREDICTED  WITH  A  GOOD  DEGREE  OF  ACCURACY;  HOWEVER,  THE  LOWER  EXTREMES 
TENDED  TO  BE  UNDER-PREDICTED,  AND  THE  UPPER  EXTREMES  WERE  OVER-PREDICTED. 

This  indicated  that  the  best  trend  lines  would  be  curvilinear.  The  pre¬ 
diction  METHOD  USING  AN  INDEX  OF  LONG-TERM  AVERAGES  DID  SHOW  POSSIBILITIES, 
HOWEVER,  AND  IT  WAS  DECIDED  TO  EXPAND  THE  AREA  FROM  WHICH  THE  SAMPLE  WAS 
DRAWN  ANC  TO  REFINE  THE  METHOD. 

3*  The  20-station  model 


a.  Method  and  source  of  data 


It  was  decided  to  expand  the  area  to  all  or  North  America.  Twenty 
samples  (see  map.  Fig.  2)  were  drawn  for  the  second  regression  model. 

Even  in  January,  which  would  again  be  used,  it  woui  o  thus  be  possibl.e  to 

OBTAIN  STATIONS  WITH  FAIRLY  H i GH  AVERAGE  TEMPERATURE  FROM  FLORIDA  AND 

California;  and  Alaska  and  Northern  Canada  would  furnish  the  extreme  cold 

TEMPERATURES.  As  WIND  IS  GENERALLY  RANDOMLY  DISTRIBUTED  IN  RELATION  TO 
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TABLE  IV 

CUMULATIVE  FREQUENCY  DISTRIBUTION  OF  WINDCHILL  LEVELS  FOR  8  STATIONS 
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*W|NDCHILL  INDEX  IS  GIVEN  IN  PARENTHESES  UNDER  EACH  STATION 


NORTH  AMERICA 

STATION  LOCATIONS 

*  Stations  numbered  ]  -  20 
used  in  Prediction  Model 
TEST  1 


•  TEST  II  -  Asheville  records 

O  TEST  III  -  Weather  Bureau 
Summaries 


Figure  2:  Imorth  America 
Testing 


Location  Map  of  Stations  Used  in  Model  and  iN 


13 


TEMPERATURE,  A  WIDE  RANGE  OF  WIMDCHILL  FREQUENCIES  WAS  THUS  AVAILABLE.  IT 
WAS  ALSO  POSSIBLE  TO  MORC  OR  LESS  PAIR  STATIONS:  WARM  STATIONS  WITH  BOTH 
HIGH  AND  l  OW  WINDSPEEDS  SUCH  AS  MIAMI  AND  SAN  DlEGO,  AND  COLD  STATIONS  WITH 
BOTH  HIGH  AND  LOW  WINDSPEEDS  SUCH  AS  PORT  CHURCHILL  AND  FAIRBANKS.  THE 
COMPLETE  LIST  SELECTED,  WITH  AVERAGE  TEMPERATURE,  WINDSPEED  AND  RESULTANT 
WINDCHILL  INDICES  FOR  BOTH  THF  LONG-TERM  PERIOD  AND  THE  SHORTER  PERIOD  OF 
THE  FREQUENCY  TABULATIONS,  IS  GIVEN  IN  T  ABL  L  V.  Will'.  C  I  Hi  RE  IS  SOME  VARI¬ 
ATION  BETWEEN  THE  LONG-  AND  SHORT-TERM  WINDCHILL  INDEX,  THE  DIFFERENCES 
ARE  SLIGHT,  WITH  BOTH  PLUS  AND  MINUS  DEVIATIONS. 

The  FREQUENCY  DATA  USED  IN  THIS  MODEL  WERE  SELECTED  FROM  THE  BIVARIATE 
SUMMARIES,  WHICH  HAD  BEEN  PREPARED  ( AT  THE  REQUEST  OF  THE  ENVIRONMENTAL 

Protection  Research  Division  of  this  Command)  by  the  Data  Processing  Unit 
at  Asheville  (8).  In  these  summaries,  temperature  was  in  5^°  breakdowns 
(as  in  the  Weather  Bureau  Summaries  for  the  United  Slates)  but  windspeed 
classes  were  according  to  the  Beaufort  classification;  this  doubled  the 
NUMBER  OF  POSSIBLE  CLASSES  (8,  INSTEAD  OF  4).  ALL  RECORDS  WERE  FROM  8  TO 
10  YEARS  IN  DURATION,  BUT  VARIED  IN  NUMBER  OF  DAILY  OBSERVATIONS. 

B.  WINDCHILL  FREQUENCIES 

Average  wind  per  class  interval  was  again  determined,  as  in  the 

CASE  OF  THE  8-STATION  MODEL,  BY  DRAWING  CUMULATIVE  FREQUENCY  CURVES. 

Because  the  frequency  of  calm  conditions  had  been  recorded,  the  lower  end 

OF  THE  CURVE  COULD  BE  DRAWN  WITH  FAR  MORE  PRECISION.  THE  WIND  CLASSES 

were: 

calm  1-3  4-7  8-12  13-18  19-24  25-46  >  46  mph 

With  an  additional  class  of  over  46  mph,  it  was  unnecessary  to  rei  y  on 
the  long-term  extreme  wind,  as  had  been  done  with  the  earlier  curves. 

More  wind  classes  gave  more  points  through  which  to  draw  the  curves, 
producing  greater  accuracy  throughout  the  curve. 

A  WINDCHILL  FACTOR  TABLE  WAS  CALCULATED  FOR  EACH  T ENTH-0F-A-M I L E 
BREAKDOWN  OF  WINDSPEED,  TO  FACILITATE  THE  WORK  OF  CONVERSION  TO  THE  WIND¬ 
CHILL  index  (Table  IX,  Appendix). 

As  IN  THE  PRELIMINARY  INVESTIGATION,  WINDCHILL  FREQUENCY  WAS  DETER¬ 
MINED:  FIRST,  I-  OR  EACH  BIVARIATE  CLASS  BY  USING  THE  ADJUSTED  WllluSPEED 

AND  THE  MID-MARK  OF  THE  TEMPER ATUHT  CLASS,  AND  THEN  BY  HE  ARK  A  |  NC, 

HIE  WINDCHILL  VALUES  IN  PROPER  SEQUENCE.  |T  WAS  POSSIBLE  TO  USE  THE 
PERCENTAGES  ALREADY  CALCULATED  BY  MACHINE  TABULATION  BY  MOVING  THEM  Al  ONG 
WITH  THE  WINDCHILL  VALUES  TO  COMPLETE  THE  CUMULATIVE  PERCENTAGE  FREQUENCY 
DISTRIBUTION  OF  WINDCHILL.  A  SUMMARY  OF  THE  FREQUENCIES  FOR  THE  20  STATIONS 
IS  SHOWN  AT  VARIOUS  PERCENTAGES  IN  SECTION  A  OF  TABLE  VI. 


„„  TABLE  V 

PERI^?rrr'fC0RD  AND  L0NG-TERM  TEMPERATURE  and  windspeed 
AVERAGES  AND  WINDCHILL  INDICES  FOR  20 -STATION  MODEL 


Period 

of  Record* 

St  at  i  n  m 

Data  , 

Averages 

WINDCHILL 

Long-term  Averages 

wl  Al  1  DIN 

Temp 

HT 

Wind 

1 NDEX** 

Temp 

ht 

Wind 

(mph) 

1 

.  Miami 

67.9 

10.1 

355 

68.5 

13-^ 

z 

.  Brownsville 

63.5 

13.2 

445 

60.5 

12.1 

3' 

.  San  Di ego 

53.7 

6.2 

510 

54.9 

5*6 

4. 

.  Medford 

36.5 

4.8 

700 

37.2 

4.7 

5- 

Atlanta 

45.9 

11.5 

705 

44.6 

11.5 

6. 

Oklahoma  City 

37-5 

15.9 

895 

37.1 

15.7 

7- 

New  York 

36.0 

1 4. 1 

900 

29.1 

13.7 

8. 

Denver 

29.3 

9.4 

920 

28.7 

9-6 

9- 

Annette  Is. 

3i-9 

12.3 

94o 

34.6 

1 4.3 

10. 

Spokane 

24.2 

8.3 

970 

24.9 

8.2 

11 . 

Cleveland 

30-6 

13-1 

970 

28.5 

12.3 

12. 

Anchorage 

10.2 

4.8 

1035 

13.0 

5-2 

13- 

St.  Paul  Is. 

27.4 

18.0 

1095 

26.4 

19.5 

i4. 

Des  Moines 

21 .6 

12.7 

1110 

24.0 

12.4 

15- 

Fairbanks 

-12.1 

2.6 

n  45 

-9.8 

3-3 

16. 

Mi nneapol 1 s 

1 3-3 

ii.4 

1210 

1 4.6 

10.5 

17- 

Duluth 

7-5 

13-3 

1345 

10.3 

12.3 

18. 

Galena 

-12.0 

6.0 

1385 

-9-5 

6.0 

19. 

Big  Delta 

-5.8 

12.2 

1530 

-5.0  _ 

17.0 

20. 

Churchill 

-13*6 

15.3 

1735 

-18.0 

14.9 

Wl NDCHI LL 
I NDEX** 


370 

k&5 

48o 

685 

725 

900 

1005 

935 

925 

955 

990 

1020 

1130 

1065 

1180 

1170 

1280 

1350 

1625 

1800 


^Period  of  reco«d  13  the  8  or  10  years  or  Ashevii 


**|N  THIS  REPORT  "WINDCHILL 
TEMPERATURE  AND  WINDSPEED. 


INDEX  IS  THE  WINDCHIL 


LE  COLLATED  DATA. 

OBTAINED  FROM  AVERAGES  OF 
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TABLE  VI 

COMPUTED  WINDCHILL  INDICES,  FREQUENCIES,  AND  AVERAGES  EDR  20 -ST ATT  ON  MODEL 
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c.  Percent  1 1.  r:  distribution  or  actmai 


*•1  Nlir.HI  |.L 


A;.*.,  or  THC  COMPUT  D  VINDCHIU.  FRCQUi:  NC I  CS  FOR  A  GIVEN  PERCENT  1 1 C 
/.’ERE  PLOTTED  AGAjNST  THE  WINDCHILL  INDEX  BASED  ON  THE  PERIOD  Of  THE  RECORD 
liT  EACH  (I  THC  0  STATIONS  (StCTION  A,  TABLE  V!  .  Al-I  ARITHMETIC  AVERAGE 
OF  AIL  cO  FREQUENCY  COUNTS  FOR  THC  PERCENT  1 1  t  S' AS  FIRST  MADE  AND  Pl.OTTtO 
AGAINST  THE  AV  RAGE  OF  THE  r  0  INDICES,  FOE  I.  OWE  IT  IN  EIRE  MANNER  BY  AVERAGES 
OF  THE  UPPER  10  AND  THEN  THE  LOWER  10  STATIONS.  FINALLY,  GROUPS  OF  WERE 
AVERAGED  AND  PEUI,  0  (iiLCTICN  D,  i  AU  E.  /!  )  .  / 1  T H  THESE  j  REFERENCE  POINTS 

AS  GUIDE^S,  IN  ADDITION  TO  THE  SCATTER  DIAGRAM  OF  ORIGINAL  DATA,  THE  CURVE 
FOR  EACH  'ERCENTILE  WAS  DRAWN,  FzEKIEi,  19^1  (6)  .  BEFORE  THE  INDIVIDUAL 
CURVES  VERi  ACCCPTED  FOR  FINAL  I NC  US  I  ON  IN  A  COMBINED  PERCENTILE  CHART 
THEY  WERE  TESTED  WITH  THE  ACTUAL  DATA  TO  PRODUCE  A  CURVE  WITH  DEVIATIONS 
AT  A  MINI  MUM. 

D"  Measure  of  central  tendency  and  windchill  range 


It  is  NOW  POSSIBLE  TO  ANSWER  SOME  OF  THE  QUESTIONS  THAT  HAD  BEEN 
RAISED  IN  REGARD  TO  THE  SIGNIFICANCE  OF  THE  WINDCHILL  INDEX  OBTAINED  FROM 
LONG-TERM  MEANS  OF  TEMPERATURE  AND  WINDSPEED.  |T  I  POSSIBLE  TO  ESTABLISH 
THE  RELATIONSHIP  WHICH  EXISTS  between  THE  INDEX  and  both  the  50th  per¬ 
cent  ill  AND  THE  MEAN  WINDCHILL  OBTAINED  FROM  THE  FREQUENCY  TABULATIONS. 
lT  ls  K‘S3,E!  E:  T0  ESTABLISH  THE  RELATIONSHIP  BETWEEN  THE  INDEX  AND  THE 
•INDCHILL  RANGE  OBTAINED  FROM  THE  FREQUENCY  DATA  AND  TO  ESTABLISH  UPPER  AND 
10. NR  LIMITS  OF  EXPECTANCY. 


(0  Relationship  c~  the  mean  and  the  50th  percentile  of  the 

FREQUENCY  DATA  TO  THE  WINDCHILL  INDEX  "  ~ 

The  mean  of  the  windchill  obtained  by  converting  individual 

I  MU  TANEOUS  RECORDINGS  OF  TEMPERATURE  AND  WINDSPEED  DEVIATES  FROM  THE 
/INT  HILL  INDEX  OBTAINED  FROM  THE  AVERAGE  TEMPERATURE  AND  AVERAGE  WINDSPEED 

‘‘V?  Inn  fAME  PERI0D  °.F  REC0R0-  This  deviation  may  be  significant,  not  from 
1H>  0  (more  or  less)  windchill  units  involved,  but  from  the  standpoint  of 

TRENDS  'WHICH  CAN  BE  ESTABLISHED. 


tom  Fort  Churchill  test  station,  where  bi -hourly  temperature  and 

WINDSPEED  HAD  BEEN  LOUVER l ED  TO  WINDCHILL  UNITS  AND  SO  RECORDED,  AN  AVERAGE 
OF  THESE  WINDCHILL  VALUES  WAS  LESS  THAN  FOR  THE  WINDCHILL  INDEX  BASED  ON 
THt  IDENTICAL  10-YEAR  PERIOD.  VfAR-BY-YEAR  AVERAGES  ALSO  REMAINED  CON¬ 
SISTENTLY  LESS  THAN  THE  YEAK-BY-YCAR  INDEXES,  AS  SHOW  IN  TABLE  VII. 

^  To  TEST  FOR  THIS  RELATIONSHIP  AT  STATIONS  OTHER  THAN  FORT  CHURCHILL, 

13  STATIONS  WITH  AVAILABLE  YEARLY  AVERAGES  OF  TEMPERATURE  AND  WINDSPEEDS 
WERE  USED.  THE  WINDCHILL  INDICES  FOR  THESE  STATIONS  WERE  ESTABLISHED 
FOR  THE  IDENTICAL  PERIOD  AS  THE  V;  ATHLR  BUREAU  5-YEAR  SUMMARIES,  AND  THE 
REG  ON  CORRELATION  ESTABLISHED  WITH  THE  WINDCHILL  AVERAGES  OBTAINED 
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TABLE  VII 

FORT  CHURCHILL  TEMPERATURE,  WINDSPEED,  Wi NOCHILL  INDEX 
AND  WINDCHILL  AVERAGES,  1 948-1 957 


1?48 

1949 

1950 

1251 

1252 

1953. 

1954 

1255. 

1251  1251 

Avg. 

Temp. 

(°F) 

-1 4.0 

~i  4.4 

-33-6 

-18.4 

-19.5 

-21 .2 

-25.4 

-16.3 

-10.7 

-23-3 

-19.7 

WINDSPEED 

(mph) 

15.8 

17-5 

13.6 

12.5 

17.9 

1 4.6 

13-9 

15.5 

13-2 

20.5 

15.5 

Windchill 

Index 

1751 

1795 

2011 

1735 

1891 

1843 

1891 

1781 

1632 

• 

2008 

1824 

Windchill 

Average 

1704 

— j> 

•— 4 

Os 

CO 

1974 

1702 

1805 

1697 

1832 

1729 

1553 

1962 

1773 

Deviation 

47 

27 

37 

33 

86 

1 46 

59 

52 

79 

46 

51 

FROM  THE  FREQUENCY  TABULATIONS  OF  HOURLY  OBSERVATIONS.  THE  RESULTS  OF  THIS 
TEST,  INVOLVING  STATIONS  WITH  INDICES  BETWEEN  500  AND  1  400  WINDCHILL,  SHOW 
A  TENDENCY  FOR  THE  ARITHMETIC  MEAN  FROM  FREQUENCY  TABULATIONS  TO  BE  SLIGHTLY 
LESS  THAN  THAT  FROM  THE  INDEX,  BUT  THEY  DO  INCREASE  REGULARLY  AS  THE  INDEX 
INCREASES.  At  THE  5  STATIONS  BELOW  THE  700  WINDCHILL  INDEX,  THE  DEVIATIONS 
WERE  ALL  PLUS,  WHEREAS  ONLY  ONE  CF  THE  8  STATIONS  ABOVE  800  SHOWED  A  PLUS 
DEVIATION.  IN  THE  ~J  OTHER  STATIONS,  AVERAGES  FROM  FREQUENCIES  WERE  IN  ALL 
CASES  LESS  THAN  THE  INDEX. 

A  FURTHER  TEST  OF  THIS  TENDENCY  WAS  OBTAINED  BETWEEN  INDICES  355  AND 
735  0Y  THE  use  OF  THE  20  STATIONS  OF  THE  MODEL.  FOR  THE  WINDCHILL  INDEX 
IN  THIS  CASE,  THE  TEMPERATURES  WERE  AVERAGED  FOR  THE  PERIOD,  USING  THE  MID¬ 
MARK  OF  EACH  5-DEGREE  TEMPERATURE  CLASS;  THE  AVERAGE  WINDSPEED  WAS  OBTAINED 
FROM  THE  ADJUSTED  WINDSPEED  FOR  EACH  BEAUFORT  CLASS.  SINCE  THIS  WAS  THE 
TEMPERATURE  AND  WINDSPEED  USED  FOR  EACH  BIVARIATE  CLASS  IN  ESTABLISHING  THE 
WINDCHILL  FREQUENCIES,  IT  WAS  CONSIDERED  EQUALLY  ACCURATE  FOR  ESTABLISHING 
THE  AVlRAGES.  !n  THIS  TEST,  19  OF  THE  20  STATIONS  SHOWED  AN  ARITHMETIC 
MEAN  FROM  THE  FREQUENCIES  LESS  THAN  THAT  FROM  THE  INDEX,  AGAIN  INCREASING 

AS  THE  WINDCHILL  INDEX  INCREASES.  ONLY  AT  MIAMI,  INDEX  355,  WAS  THE  TREND 
REVERSED. 


A  F.!1,AL  TEST  WAS  MADE  6F  ^  Canadian  stations  with  windchill  indices 

BETWEEN  1000  AND  2050.  WHILE  THESE  DATA  WERE  BASED  ON  SIMULTANEOUS  RECORD¬ 
INGS,  AND  FREQUENCIES  WERE  ESTABLISHED  IN  THE  SAME  BIVARIATE  CLASSIFICATION 
AS  FOR  THE  20-STATION  MODEL,  THE  NUMBER  OF  OBSERVATIONS  VARIED  GREATLY  FROM 
STATION  TO  STATION,  DUE  TO  VARIATION  IN  THE  NUMBER  OF  DAILY  OBSERVATIONS. 
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A,  ALL  nr  i HESE  STA  IONS  THE  MEANS  OF  THE  FREQUENCY  DATA  WERE  CONSISTENTLY 
LESS  THAN  THE  INDICES. 

Below  700  windchill  index  the  means  are  slightly  above  the  index,  but 

ABOVt  7  '  1  WINDCHILl  THE  MEANS  ARE  LESS  AND  DEVIATIONS  INCREASE  AS  THE  INDICES 

increase.  Even  at  Churchill,  where  high  winds  are  associated  with  the  colder 

TEMPERATURES,  THE  MEAN  WINDCHILL  IS  CONSISTENTLY  BELOW  THE  INDEX  AS  INDICATED 
IN  THE  YEAR-BY-YEAR  RECORDS  (  See  TABLE  VI  I ) . 

1  ONLY  WAS  THL  MEAN  WINDCHILL  BELOW  THE  INDEX,  BUT,  AS  INDICATED  IN 

Table  VI,  the  50th  percentiles  were  consistently  less  than  the  index.  The 
20-station  average  of  the  50th  percentiles  was  918  windchill  units,  whereas 

THE  AVERAGE  of  THE  INDICES  WAS  995,  A  DIFFERENCE  OF  APPROXIMATELY  75  UNITS. 

(2)  Theoretical  and  practical  windchill  limits 

There  are  theoretical  upper  and  lower  limits  to  the  windchill 

AT  ANY  STATION  WITHIN  WHICH  ALL  WINDCHILL  FREQUENCIES  WILL  FALL.  |F  THE 
COLDEST  TEMPERATURE  WERE  ASSOCIATED  WITH  THE  STRONGEST  WIND  AND  THE  HIGHEST 
TEMPERATURE  WITH  CALM,  THEN  THEORETICAL  LIMITS  WOULD  BE  MET.  FOR  EXAMPLE 

at  Minneapolis,  where  January  windchill  index  based  on  long-term  averages 

OF  TEMPERATURE  and  WINDSPEED  IS  1270,  A  WINDCHILL  LESS  THAN  1 86  OR  GREATER 
™AN  236B  W0ULD  NEVER  BC  EXPERIENCED,  BASED  ON  THE  ALL-TIME  JANUARY  HIGH 
OF  58  F  WITH  CALM  OR  THE  ALL-TIME  JANUARY  LOW  OF  -31 °F  WITH  A  40-MPH  WIND. 

However,  calm  with  the  high  temperature  seems  to  be  a  more  prevalent  condi¬ 
tion  THAN  MAXIMUM  WINDSPEED  WITH  COLDEST  TEMPERATURES.  It  IS  ALMOST  A 
TRUISM  THAT  CALM  AND  COLD  TEMPERATURES  ARE  MORE  OFTEN  ASSOCIATED. 

! F  THE  WIND-TEMPERATURE  RELATIONSHIP  GIVEN  IN  CLIMATIC  EXTREMES  FOR 

Military  Equipment  (17)  (i.e.,  80-mile  wind  at  0°F.  decreasing  1  mph  for 

E*Eor-F  DECREASE:  IN  temperature)  IS  ACCEPTED  FOR  COMPUTING  MAXIMUM  WINDCHILL, 
-50  F.  WITH  A  30  MPH  WIND  OR  -60°F.  AND  20  MPH  WIND  WILL  GIVE  APPROXIMATELY 
2600  WINDCHILL  AS  THE  MAXIMUM  TO  BE  EXPECTED. 

LOW  ELEVATION  STATION 


Thus  2600  windchill  limit  held  true  for  the  strongest  wind  in  ten 
YEARS  (45  MPH)  AT  VERKHOYANCH,  SIBERIA  (4oO  FT.),  which  WAS  associated  with 
-10  F,  GIVING  ONLY  1972  WINDCHILL.  An  INVESTIGATION  OF  ALL  THE  -75°F  AND 
BELOW  TEMPERATURES  AT  THIS  COLD  SPOT  SHOWED  THAT  IN  66  OUT  OF  68  OCCURRENCES. 
WINDSPEEDS  WERE  LESS  THAN  3  MPH  AND  AT  THE  OTHER  2  OCCURRENCES  WINDSPEED  DID 
NOT  EXCEED  (  MPH.  THUS  IT  WOULD  BE  HARD  TO  BELIEVE  THAT  THE  -90°F  ALL-TIME 
LOW  WAS  ASSOCIATED  WITH  A  WINDSPEED  SUFFICIENT  TO  PRODUCE  A  WINDCHILL  GREATER 

than  2600  units.  The  3-year  worst  combination  at  Little  America  -50°F  with 

c5  MPH  WINDSPEED,  OR  2^2,  FALLS  SHORT  OF  THIS  MAXIMUM.  At  NONE  OF  THE  15 

Alaskan  and  Canadian  Arctic  stations  studied  for  this  report  was  this  maximum 

ATTAINED,  ALTHOUGH  IT  WAS  APPROACHED. 


19 


Hi  cm  c-lvati  on  static. i. 

On  r h ■  Or- s  t  ni. and  Ic  cap,  two  January  records  were  available  for  study; 

MAXIMUM  'INDUIItl  BE  TV.’ t  r  N  ?.&$  AND  2^0  WAS  RECORDED  ONLY  ONCE  EACH  YEAR, 

ONI.  CB  RV.UION  OF  -JOT.  AND  ?.6  MPH  WIND,  AND  ONE  OBSERVATION  OF  -7^°^* 

AND  MPH  WIND,  RESPL  C  T  I  VH  Y  .  IT  IS  NOTED  THAT  THE  WIND  IS  A  LITTLE  HIGH 
FOR  THI  RUL  ,  BUT  THE  ST  AT  I  INS  WERE  LOCATED  AT  A  HIGH  ELEVATION,  WHERE  AIR 

is  less  dense.  Higher  indchill  values  were  reported  from  the  South  Pole 

STATION,  WHERr  TEMPERATURES  OF  -JO  TO  -90°F  WERE  ASSOCIATED  WITH  20-  TO  ^0- 

mph  winds.  Hr.  Paul  Dalrymple  (QMC  Meteorologist  stationed  at  the  South 
Pole)  has  reported  temperature  and  windspeed  averages  of  -67.^°F.  and  19*6 

MPH,  RESPECTIVELY  FOR  JULY  ’95^  THIS  PRODUCES  A  MONTHLY  WINDCHILL  INDEX  OF 

2755.  The  extreme  low  temperature  for  that  month  was  -96.0oF.,  which  was 

ASSOCIATED  WITH  A  19‘KNOT  WIND  (21-9  MPh)  AND  PRODUCED  A  33^2  WINDCHILL. 

It  HAS  NOT  BEEN  ESTABLISHED  AT  THE  PRESENT  WRITING  IF  OTHER  COMBINATIONS  OF 
SIMULTANEOUS  RECORDINGS  GAVE  A  GREATER  EXTREME  VALUE.  THIS  AGAIN  WAS  AT  A 
HIGH  ELEVATION. 

Thus  it  can  be  seen  that  while  extreme  maximum  limits  of  windchill 

BASED  ON  MAXIMUM  WINDSPUDS  AT  LOW  TEMPERATURES  ARE  POSSIBLE,  THE  CHANCE 
OF  THEIR  OCCURRING  SIMULTANEOUSLY  AT  LOW  ELEVATIONS  IS  HIGHLY  IMPROBABLE, 

BUT  SUCH  A  COMBINATION  DOES  GIVE  THE  UPPER  LIMIT  OF  EXPECTANCY.  THE  LOWER 
LIMIT,  PRODUCED  BY  THE  ASSOCIATION  OF  HIGHEST  TEMPERATURE  WITH  A  CALM  CON¬ 
DITION,  IS  A  MUCH  MORE  PREVALENT  PHENOMENON  AND  ACCOUNTS  FOR  THE  TENDENCY 
FOR  THE  STATION’S  THEORETICAL  MINIMUM  WINDCHILL  TO  OCCUR,  REGARDLESS  OF  THE 
INDEX  OR  APEA  FROM  WHICH  DRAWN.  THUS  THERE  ARE  PRACTICAL  LIMITS  WITHIN  WHICH 
AlL  FREQUENCY  W|  NOCHI  l  t.  DATA  ‘WILL  FALL. 

(  3 )  H I  r,  T  0  C  R  AMS  OF  WINDCHILL  FREQUENCY  DISTRIBUTION  AT  MODEL 
STATIONS 


Although  windchill  distribution  may  approach  a  bell  curve, 

THIS  IS  NOT  ALWAYS  THE  CASE;  AND  SOME  SHOW  MARKED  SKEWNESS  AS  SHOWN  BY  THE 
DISTRIBUTION  HISTOGRAMS  (  f|  G.  3)  0,r  THE  INDIVIDUAL  STATIONS  USED  TO  MAKE  UP 
THE  MODI’..  V/l  MUCH  I  LI  DISTRIBUTION  IS  DETERMINED  BY  THE  MANNER  IN  WHICH  THE 
TWO  U.EMfc NTS  M  ASSOC  I  AT : D  AND  MAY  OR  MAY  NOT  FOLLOW  THE  PATTERN  OF  EITHER 
IKE  TEMPERATURE  OR  ‘  I  ND  DISTRIBUTION  PATTERNS.  To  ILLUSTRATE,  A  FEW  STATIONS 
WILL  BE  ANALYZED. 

At  Miami  (station  1),  the  mean  temperature  is  67. 9°^*  and  mean  windspeed 

13  10.1  MPH  WITH  A  CORRESPONDING  TEMPERATURE  FACTOR  OF  23*5  AND  WIND  FACTOR 
OF  IJ.08J  PRODUCING  A  355  WINDCHILL  INDEX  FOR  THE  PERIOD  FOR  WHICH  THE  FRE¬ 
QUENCY  TABULATIONS  ARE  AVAILABLE.  THE  JANUARY  TEMPERATURE  RANGE  FROM  3^  TO 
RQ’T.  IS  SKEWED  TOWARD  THE  LOWER  TEMPERATURE  VALUE  WITH  THE  MODE  IN  THE  ~J0  TO 
F.  CLASS  INTERVAL  V/HFREA5  THE  MEAN  FALLS  IN  THE  65  TO  69°F.  CLASS  INTERVAL. 

Higher  temperatures  are  associated  with  higher  windsfeed  values;  this  tends 
ro  minimize  windchill  values  and  produces  a  windchill  curve  skewed  toward 
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HIGHER  WINDCHII.L  VALUE.  THE  WINDCHILL  RANGE  IS  BETWEEN  65  AND  975  WITH 
THE  5°™  PERCENTILE  AT  320,  35  WINDCHILL  UNITS  BELOW  THE  INDEX  OF  355* 

At  San  Diego  (station  3),  all  temperatures  fall  within  the  same  30  to 

89F0  RANGE  AS  DID  THOSE  OF  MIAMI.  The  SAN  DIEGO  AVERAGE  TEMPERATURE,  53.7°F., 
13  24 .2f" °  LOWER,  INCREASING  THE  TEMPERATURE  FACTOR  OF  THE  FORMULA  TO  37»7- 

The  average  windspeed  of  6.2  mph  is,  however,  lower  than  at  Miami,  decreas¬ 
ing  THE  WINDCHILL  FACTOR  TO  13-496.  WHEN  THESE  TWO  FACTORS  ARE  COMBINED, 

THE  RESULTANT  WINDCHILL  INDEX  IS  51Q.  BOTH  THE  TEMPERATURE  AND  WIND  DISTRI¬ 
BUTIONS  TEND  TO  CLUSTER  CLOSE  TO  THEIR  RESPECTIVE  MEANS.  SIXTY  PERCENT  OF 
ALL  TEMPERATURES  FALL  WITHIN  50  TO  59°F.  AND  89  PERCENT  OF  ALL  WINDSPtEDS 
WITHIN  THE  1-3,  4-7,  AND  8-12  CLASSES.  THIS  COMBINATION  GAVE  A  RANGE  FROM 
35  TO  900  WINDCHILL  UNITSjMUCH  LIKE  MIAMI  BUT  HAVING  QUITE  A  DIFFEfENT  DIS¬ 
TRIBUTION  pattern.  At  San  Diego  47  percent  of  all  windchill  units  iere  in 
THE  450  TO  549  CLASS  CLOSE  TO  THE  510  WINDCHILL  INDEX. 

St.  Paul  Island  (station  13),  has  no  greater  temperature  range  than 
either  Miami  or  San  Diego  butis4o  degrees  lower  on  the  temperature  scale 

WITH  RANGE  BETWEEN  ~5  AND  44°F.  THE  AVERAGE  TEMPERATURE  IS  27*4°F.  THUS  IT 
HAS  A  TEMPERATURE  FACTOR  OF  64.  THIS  IS  A  VERY  WINDY  STATION  WITH  AN 
AVERAGE  WINDSPEED  OF  1  8  MPH  OR  A  WIND  FACTOR  OF  17*08.  COMBINING  THE  TEM¬ 
PERATURE  AND  WIND  FACTORS,  A  1095  WINDCHILL  INDEX  IS  OBTAINED.  THE  TEM¬ 
PERATURE  DISTRIBUTION  AT  THIS  STATION  IS  VERY  STRANGE.  THE  MODAL  CLASS 
30  TO  34°F.  HAS  47.9^  OF  ALL  THE  RECORDED  TEMPERATURES.  HlGHER-THAN  AVER¬ 
AGE  WINDSPEEDS  ARE  ASSOCIATED  WITH  THESE  H I GHER- TH AN- AVER AGE  TEMPERATURES. 

Windchill  distribution  tends  to  be  normal  with  high  concentration  between 
850  AND  1150  WINDCHILL  UNITS,  WITH  THE  50TH  PERCENTILE  AT  1040  EVEN  THOUGH 
THE  RANGE  IS  FROM  36O  TO  1 665 - 

Churchill  (station  20)  with  average  temperature  of  -J3.6°F.  and  windspeed  of 
15.27  mph,  has  corresponding  temperature  and  wind  factors  of  105  AND  16.94, 
RESPECTIVELY,  or  A  WINDCHILL  INDEX  OF  1735  FOR  THE  period  of  the  frequency 
tabulations.  The  temperature  range  at  Churchill  is  wider,  95F?  (-60°  to 
35°  )  •  The  temperature  distribution  has  both  mean  and  mode  within  the 

SAME  CLASS  INTERVAL  (-11  TO  -15°F.).  SINCE  THIS  CLASS  INTERVAL  ACCOUNTS 
FOR  ONLY  13.3#  OF  ALL  THE  OBSERVATIONS,  AND  EACH  OF  TWO  CLASS  INTERVALS  ON 
EITHER  SIDE  OF  THE  MEAN  HAVE  ALMOST  AS  MANY  OF  THE  OBSERVATIONS,  THE  DIS¬ 
TRIBUTION  OF  TEMPERATURE  THUS  MAKES  A  VERY  FLAT  CURVE.  THIS  STATION  ALSO 
H A3  A  WIDE  WINDCHILL  RANGE  -  489  TO  2400.  HOWEVER,  HIGH  WINDSPEEDS  ARE 
ASSOCI ATED  WITH  LOW  TEMPERATURES  AT  THIS  PARTICULAR  STATION  IN  CONTRAST  TO 
THE  SITUATION  AT  MIAMI.  THE  WINDCHILL  CURVE  SHOWS  A  DECIDED  SKEWNESS 
TOWARD  LOW  WINDCHILL  VALUES.  WlNOCHILL  DISTRIBUTION  SHOWS  TWO  MODES,  ONE 
OF  1650  TO  1749  AND  ANOTHER  OF  1 85O  TO  1 949 . 

Thus,  simultaneous  observations  of  the  two  elements  will  produce  a 

MORE  SENS  I T I VF  MEASURE  OF  COOLING  POWER  THAN  EITHER  WINDSOR  TEMPERATURE 
USED  SEPARATELY.  WHILE  IT  MIGHT  APPEAR  ON  CASUAL  OBSERVATION  THAT  HIGH 
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PERCENT  OF  OBSERVATIONS 


HUNDREDS  OF  WINDCHILL  UNITS 


Figure  3:  Histograms  of  Windchill  Distribution 
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PERCENT  OF  OBSERVATIONS 
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AVERAGE  WINDSPEEDS  WOULD  PRODUCE  AN  ABNORMAL  WINDCHILL  DISTRIBUTION,  THIS 
DOES  NOT  SEEM  TO  BE  THE  CASE.  THE  INFLUENCE  OF  HIGH  AVERAGE  WINDSPEED  HAS 
BEEN  LARGELY  DISCOUNTED  WHEN  THF  INDEX  WAS  DETERMINED  FROM  THE  LONG-TERM 
AVERAGES.  It  IS  THE  DISTRIBUTION  OF  THF  SIMULTANEOUS  OCCURRENCES  OF  TEMPERA¬ 
TURE  AND  WINDSPEED  WHICH  DETERMINES  THE  SHAPE  OF  THE  WINDCHILL  CURVES 

(fig.  3). 

(4)  The  COMPOSITE  WINDCHILL  PROBABILITY  CHART 

From  the  frequency  data  for  the  20  stations  (Table  Vi)  used 
TO  ESTABLISH  THE  PREDICTION  CHART,  A  SET  OF  BAR  GRAPHS  (FlG.  4)  WAS  CON¬ 
STRUCTED  FOR  EACH  WINDCHILL  INDEX  FROM  300  TO  2000  TO  SHOW  THE  RANGE  AND 
PROBABLE  DISTRIBUTION  OF  ACTUAL  WINDCHILL.  THESE  BAR  GRAPHS  ARE  NOT  ACTUAL 
DISTRIBUTIONS  AT  AN  INDIVIDUAL  STATION  AS  IN  THE  CASE  OF  THE  HISTOGRAM 
CHARTS  (Fig.  3),  BUT  ARE  a  COMPOSITE  OF  PERCENTILE  DISTRIBUTION  OF  THE  20 
STATIONS.  It  WILL  BE  NOTED  THAT  THE  WINDCHILL  RANGE  INCREASES  AS  THE  INDEX 
INCREASES,  BUT  AT  A  DECREASING  RATE;  WHILE  THE  RANGE  IS  2.66  TIMES  THE 
INDEX  AT  300  WINDCHILL,  IT  HAS  DIMINISHED  TO  A  RATIO  OF  1  TO  1  AT  THE  2000 
WINDCHILL  INDEX.  SINCE  THE  50™  PERCENTILE  IS  REACHED  AT  290  ON  THE  ACTUAL 
WINDCHILL  SCALE  FOR  A  STATION  WITH  300  INDEX,  IT  IS  APPARENT  THAT  THE  DIS¬ 
TRIBUTION  CURVE  IS  SKEWED  TO  THE  RIGHT,  SINCE  THE  REMAINING  50$  OF  THE 
DISTRIBUTION  IS  SPREAD  OUT  OVER  510  WINDCHILL  UNITS.  At  THE  2000  WINDCHILL 
INDEX  THE  OPPOSITE  TENDENCY  IS  OBSERVED,  WITH  SKEWNESS  TO  THE  LEFT.  FIFTY 
PERCENT  OF  THE  DISTRIBUTION  IS  IN  THE  LOWER  1200  WINDCHILL  UNITS  BETWEEN 
580  AND  1780,  AND  THE  REMAINING  50$  CONCENTRATED  IN  A  RANGE  OF  800  UNITS 
BETWEEN  I78O  AND  258O.  SINCE  THE  RANGE  IS  GREATER  FOR  THE  2000  WINDCHILL 
INDEX,  THE  CURVE  IS  MUCH  FLATTER.  ONLY  BETWEEN  THE  1200  TO  1  600  WINDCHILL 
INDICES  DOES  THE  DISTRIBUTION  APPROACH  SYMMETRY  IN  THIS  COMPOSITE  PREDICTION 
CHART,  ALTHOUGH  MANY  OF  THE  INDIVIDUAL  STATIONS  MAY  APPROACH  A  BELL  CURVE 

(Fig.  3). 

The  ASSOCIATION  OF  SOME  CALM  WITH  WARMER  TEMPERATURES  TENDS  TO  KEEP 
THE  GRADATION  OF  THE  LOWER  WINDCHILLS  AT  A  MINIMUM  AS  THE  INDICES  INCREASE. 

IT  IS  THE  HIGH  WINDS  USHERING  POLAR  AIR  INTO  A  WARM  REGIME  WHICH  ACCOUNT 
FOR  THE  LONG  TAILS  TO  THE  RIGHT  IN  THE  DISTRIBUTION  OF  THE  LOWER  INDICES. 

Since  winds  tend  to  decrease  with  very  cold  temperatures,  the  higher  indices 

ARE  FORESHORTENED  ON  THE  RIGHT.  THE  OCCASIONAL  WARM  SPELLS  ASSOCIATED  WITH 
LOW  WINDSPEEDS  ARE  REFLECTED  IN  LONG  TAILS  TO  THE  LEFT. 

4.  The  WINDCHILL  PREDICTION  CHART  (FlG.  5) 

THE  PREDICTION  CHART  IS  A  COMBINATION  OF  THE  SlPLE  WINDCHILL  NOMOGRAM 
(USED  IN  THIS  CASE  TO  ESTABLISH  THE  INDEX  FROM  THE  LONG-TERM  AVERAGES  OF 
TEMPERATURE  AND  WINDSPEED)  AND  THE  SET  OF  WINDCHILL  DISTRIBUTION  CURVES, 
DEVELOPED  BY  CURVILINEAR  METHOD, EZEK I  EL,  1 ^4l ( 6)  FROM  THE  ACTUAL  FREQUEN¬ 
CIES  (Table  Vl)  of  the  20-station  model  used  as  a  predictor.  The  distri¬ 
bution  CURVES  ARE  SUPERIMPOSED  ON  ARITHMETIC  PROBABILITY  PAPER  WITH  SCALES 
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Figure  4:  Probable  Percentile  Distribution  of  Actual  Windchill 
(Kg  Cals/m2/hr) 
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PERCENT* 31  OF  TIME  .VINfJCHI'.L  WOULD  EXCEED  INDICATED  LEVEL 


I  »M/,W/SII«OTV3  OX)  niHDDNIM  TVOI3V 


Figure  5:  Vindchill  Prediction  Chart 


PERCENTAGE  CF  TIME  WINDCHIll  WOULD  NOT  EXCEED  INDICATED  LEVEL 


AT  BOTH  TOP  AND  BOTTOM  FOR  READING  THE  PROBABILITY  PREDICTIONS,  "GREATER 
THAN"  AT  THE  TOP,  AND  "lESS  THAN"  AT  THE  BOTTOM.  HORIZONTAL  LINES  EVENLY 
SPACED  ARE  USED  TO  DENOTE  ACTUAL  WINDCHILL  VALUES  IN  KG  CAl/m2/hR  AND 
ARE  INDICATED  ON  THE  SCALE  AT  THE  RIGHTHAND  SIDE  OF  THE  PREDICTOR  CHART. 


TO  MAKE  A  PREDICTION  FROM  LONG-TERM  MEANS,  TEMPERATURE  AND  WIND  ARE 
FED  INTO  THE  SlPLE  NOMOGRAM  ON  THEIR  RESPECTIVE  SCALES.  THE  INTERCEPT  OF 
THE  TEMPERATURE  AND  WIND  SCALES  IS  THEN  PICKED  UP  ON  THE  CURVED  WINDCHILL 
SCALE,  WHICH  IS  NOW  DESIGNATED  THE  "WINDCHILL  INDEX."  THE  WINDCHILL  INDEX 
IS  THEN  FOLLOWED  DOWNWARD  TO  THE  RIGHT  TO  CONNECT  WITH  THE  CORRESPONDING 
WINDCHILL  DISTRIBUTION  CURVE  IN  THE  PREDICTOR  BOX.  FOR  EXAMPLE:  IF  A 
STATION  WITH  AVERAGE  TEMPERATURE  OF  45°F.  AND  10  MPH  WIND  IS  SELECTED,  IT 
CAN  BE  DETERMINED  ON  THE  SlPLE  NOMOGRAM  TO  HAVE  A  "JOO  WINDCHILL  INDEX. 

When  the  "JOO  windchill  index  is  followed  onto  the  distribution  curve  in 

THE  PREDICTOR  BOX  TT  CROSSES  THE  fOO  ACTUAL  WINDCHILL  (HORIZONTAL  LINE)  ON 
THE  4(3th  PERCENTILE  READ  ON  THE  UPPER  SCALE.  IT  CAN  BE  SAID  THAT  ANY  PLACE 
WITH  A  ~(00  WINDCHILL  INDEX  WILL  PROBABLY  EXPERIENCE  ACTUAL  WINDCHILL  VALUES 
GREATER  THAN  7^0  APPROXIMATELY  40#  OF  THE  TIME.  FURTHERMORE,  IT  CAN  BE 
PREDICTED  THAT  ALL  STATIONS  WHERE  THE  LONG-TERM  AVERAGES  PRODUCE  A  7^0 


w  1  iiuvniu  I  I1UC.A  V/fB 


THE  SirLE  HOnCGnAn,  REGARDLESS  Or  THE  COMBINATION  OF 


January  average  temperatures  and  windspecds  producing  the  700  index 

(determined  BY  INTERCEPTS  OF  TEMPERATURE  AND  WIND  ALONG  THE  700  index), 
WILL  SELDOM  EXPERIENCE  ACTUAL  WINDCHILL  LESS  THAN  250  OR  GREATER  THAN 
1200  UNITS  DURING  THE  MONTH  OF  JANUARY. 


As  A  FURTHER  EXAMPLE:  IF  ONE  WISHES  TO  KNOW  THE  SEVERITY  OF  CONDITIONS 

at  Duluth,  Minnesota,  the  long-term  averages  of  temperature  and  wi nospeed 
ARE  ASCERTAINED.  THCY  ARE  FOUND  TO  BE  10. 3  AND  12*3,  RESPECTIVELY.  IN 
THIS  CASE,  THE  10. 3  POSITION  ON  THE  FAHRENHEIT  TEMPERATURE  SCALE  WOULD  NEED 
TO  BE  ESTIMATED  ON  THE  RIGHTHAND  SIDE  OF  THE  SlPLE  NOMOGRAM  AS  WELL  AS  THE 
12.3  ON  THE  MPH  SCALE  AT  THE  TOP  OF  THE  NOMOGRAM.  FROM  THE  POINT  WHERE 
THESE  TWO  ESTIMATED  LINES  INTERSECT,  THE  WINDCHILL  CURVE  (APPROXIMATELY  1 300 
INDEX)  IS  FOLLOWED  INTO  THE  PREDICTOR  BOX  (RIGHT-HAND  SECTION  OF  THE  PRE¬ 
DICTION  chart).  If  it  is  assumed  that  an  average  person  dressed  IN  WINTER 

CLOTHING  IS  SAFE  BELOW  1 4(X)  WINDCHILL,  IT  CAN  BE  ESTIMATED  THAT  SAFE  CON¬ 
DITIONS  PREVAIL  70£  OF  THE  TIME,  IN  THIS  CASE  READ  ON  THE  LOWER  SCALE  OF 
THE  PREDICTION  BOX.  IF  IT  IS  CONSIDERED  DANGEROUS  AT  WINDCHILL  GREATER 
THAN  iyOO,  IT  CAN  BE  PREDICTED  THAT  DANGEROUS  CONDITIONS  WILL  BE  ENCOUNTERED 
ONLY  Vf>  OF  THE  TIME,  READ  AT  TOP  OF  THE  PREDICTION  BOX.  ALL  INTERMEDIATE 
CONDITIONS  WOULD  BE  CONSIDERED  MARGINAL  ( 1 400  TO  I^OO  WINDCHILL)  AND  WOULD 
BE  EXPECTED  APPROXIMATELY  20/i  OF  THE  TIME. 

IF  ONE  HAS  A  PREFERENCE  FOR  USING  TABLES  RATHER  THAN  A  CHART,  THE 
INFORMATION  NECESSARY  FOR  APPLICATION  OF  THE  FORMULA  AND  ASSESSING  PER¬ 
CENTILE  FREQUENCIES  IS  GIVEN  IN  TABLES  IX  AND  X,  APPENDIX. 
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Fro*  the  long-term  temperature  and  windspeed  averages,  it  would  be 

°  SIBLE  BY  „  SERIES  OF  WINDCHILL  FREQUENCY  PREDICTIONS  TO  ESTABLISH  THE 
CALCULATED  RISK  INVOLVED  IN  ANY  NUMBER  OF  FIELD  OPERATIONS  WHERE  THE 
EXPOSURE  OF  HUMAN  BEINGS  IS  A  CONSIDERATION.  FoR  INSTANCE,  A  HECE  OF 
EQUIPMENT  MIGHT  BE  OPERATED  UNDER  CONDITIONS  OF  VERY  HIGH  WINDCHILL, 
EXCEPT  FOR  THE  FACT  THAT  IT  IS  TO  BE  OPERATED  BY  A  SOL D , ER  WHO  ^  TOO 
COLD  OR  1 00  ENCUMBERED  BY  HIS  (cOLD-WEATHER)  CLOTHING  TO  PERFORM  THE 
NECESSARY  OPERATION.  THE  PERCENTAGE  OF  TIME  THOSE  CONDITIONS  EXISTED 
-OULU  BE  A  PART  OF  THE  CALCULATED  RISK  INVOLVED  ,N  ANY  MANEUVER. 

5 ■  R F OK'MANCE  test  I  N G 

PLACEd'oN^T  ,S  0NLY  *S  3000  A*  ™E  RELIANCE  WHICH  CAN  BE 

PLACED  ON  IT,  A  SERIES  OF  TESTS  WERE  CONDUCTED  TO  EVALUATE  THE  ACCURACY 

OF  THE  PREDICTION  ChART.  DETAILED  INFORMATION  ON  DEVIATIONS  FROM:  PRE¬ 
DICTIONS  FOR  EACH  STATION  ARE  SHOWN  FOR  EACH  CHECK  POINT  IN  TABLE  XI 

Appendix.  In  addition,  a  summary  of  errors  ,s  e  acI  st  t^n 

n  coNTRAST  T0  THIS  TABLE,  WH(CH  SUMMAR|2ES  errors  on  a  stat”02  SI  w7nd- 
CH  ll  index  basis,  in  Table  XII,  Appendix,  the  percentile  is  ?hE?oc1l 

OINT.  It  IS  THUS  POSSIBLE  TO  CHECK  ANY  STATION  GIVFm  III  T.»,.  VI 

Appendix,  to  see  at  which  percentiles  deviations  are  greater "oiTl ess  than 

AVERAGE  FOR  THAT  STATION.  BY  USE  OF  TABLE  XI  I,  APPENDIX,  IT  IS  POSSIBLE 

TO  TELL  IF  THE  STATION  IS  NORMAL  IN  RELATION  TO  OTHER  STATIONS  AT  ANT 
GIVEN  PERCENTILE.  '*"ONS  AT  ANr 

A  SUMMARIZATION  OF  AVERAGES  A1  ALL  STATIONS  USED  IN  THE  MOOn  urn 
•N  THE  VARIOUS  TESTS  „  GIVEN  ,N  TABLE  VIII  OF  THE  TEXT,  Ih,CHcIh 
FOR  AN  OVERALL  PICTURE.  F0R  DETAIL  SEE  THE  APPENDIX  TABLES. 

A*  Test  of  the  model  (Test  ll 

Test  I  was  made  with  the  actual  frequency  data  from  thf  ?n 
or  ,ke  *ctual  "««« -»» 

aJd  qg  qS  !mf  L' STAT'0N  AT  15  PERCENT,LE  CHECK  POINTS:  .01* 

PERCENTILES  THUS  THf^  ^TH>  THE  5™  *N0  95TH>  AND  ALL  INTERVENING  10TH 

HAVE  In  i^ERAGE  Sev^T.ON  «r  S'  CHECKED  "  300  '  NTER«CT » AND  FOUND  T0 
BUTV  OF  5  W,NDCH"-‘-  WITH  RANGE  FROM  0  TO  2kO, 

WIIM  O#  OF  THE  DEVIATIONS  LESS  THAN  THE  52  WINDCHILL  AVER AGF  >« 

;,™,c  E,,,o,  cha,t  (F,<i-  6>-  thc  «««««  <»■ 

rU,r„7p“  tz",  srjs.rs*,  rs'jjr  Tr;  ave"ace  — 

i'L7:'T““T”'-AA“-"EA"-°- 
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ITOLE  VIII 

SUMMARY  OF  AVERAGES  OF  3  TESTS" 


WSHD€H!LL 


INDEX 

Average 

Avcrage 

Average 

Check 

Average 

Average 

Average 

Number 

No 

Number 

TlANOt 

Wind 

Temp 

VlNDCHILt. 

Point4 

Errors 

y  ers 

Ers 

"+"  Ess 

Errors 

£r» 

355-1735  Model  (Test  1) 

10-748 

24.67 

994.25 

300 

5*  "51 

51-25 

52-57 

164 

12 

124 

580-2075  Test  1 1 

10.257 

13-14 

1173-08 

300 

90.83 

74.68 

111.45 

1 44 

8 

1 46 

>160-1235  Test  1 1 1 

1 1 .292 

34.64 

810.35 

210 

48.26 

55-65 

37-76 

i44 

10 

56 

460-2075  Tests  II  i  III 

IO.316 

13.04 

1-53.S1 

510 

73.30 

65.19 

91.22 

288 

18 

204 

355-2075  Combined  Tests 

10.476 

17.41 

1106.85 

810 

65.61 

60.13 

79.19 

452 

30 

328 

"For  fuller  detail  sit  Tables  XI  and  XII,  Appendix 


OF  EQUAL  ACCURACY  AND  I N  GREATEST  CONFORMITY  WITH  THE  PREDICTIONS.  At 
"LEAST  POSSIBLE,"  THE  DEVIATIONS  RANGED  BETWEEN  0  AND  85  WITH  AN  AVERAGE 
OF  36.75  VI  NOCHILL  UNITS.  THE  RANGE  OF  ERROR  AT  THE  "MOST  POSSIBLE1' 

( 99 " 99th  percentile)  WAS  FROM  0  TO  190  WINDCHILL  UNITS  WITH  AVERAGE  OF 
76-  Since  predictions  were  good. i n  the  more  critical  zone,  it  was  decided 

TO  LEAVE  THE  PREDICTOR  CHART  AS  CONSTRUCTED  AND  TEST  BY  OTHER  RANDOMLY- 
CHOSEN  STATIONS. 

b.  Further  testing 

The  34  STATIONS  CHOSEN  FOR  FURTHER  TESTING  WERE  DIVIDED  INTO  TWO 
GROUPS  ACCORDING  TO  THE  SOURCE  MATERIAL.  TWENTY  STATIONS  WERE  FROM  THE 

Asheville  Summaries  (8),  designated  Test  Group  II.  These  stations  gave 

LIMITED  COVERAGE  IN  THE  UNITED  STATES,  BUT  WERE  A  GOOD  SAMPLE  OF  NORTHERN 
STATIONS.  The  INDICES  OF  ONLY  FOUR  STATIONS  WERE  BELOW  1000,  WHILE  THE 
REMAINING  STATIONS  RANGED  TROM  1000  TO  2075  WINDCHILL.  THE  OTHER  ]4 
STATIONS,  DESIGNATED  TEST  GROUP  III,  ALL  FROM  THE  UNITED  STATES,  WERE 
SELECTED  FROM  THE  WEATHER  BUREAU  SUMMARIES  (2l).  THE  RANGE  OF  INDICES 

for  Test  Group  III  was  from  460  to  1235  vindchill. 

( 1 )  Based  on  Asheville  Summaries  (Test  II) 

The  results  of  Test  II  did  not  show  as  close  correlation 

WITH  PREDICTIONS  AS  TEST  I  (BASED  ON  THE  20-STATION  MODEL),  BUT  SHOWED  THE 
SAME  GENERAL  PATTERN  WITH  BEST  CONFORMITY  IN  THE  MID-PERCENTILES.  AGAIN, 
THE  .01#  WINDCHILL  WAS  PREDICTED  AS  WELL  AS  THE  MID-RANGE,  AND  BETTER 

than  the  99.99#.  Actual  windchill  values  less  than  the  predicted  were 

THE  USUAL  PATTERN  AT  THE  FAR  NORTH  STATIONS  BETWEEN  THE  1ST  AND  THE  3^™ 
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percentile,  where  deviations  were  as  much  as  300  OR  400  UNITS  IN  SOME  CASES. 
Since  half  of  the  stations  of  this  group  were  from  the  far  north,  and 

POSSESSED  THIS  TENDENCY,  THE  AVERAGE  ERROR  HAS  BEEN  INCREASED  TO  90  WIND- 
CHILL  UNITS  FOR  THE  GROUP  WITH  MINUS  DEVIATIONS  20  POINTS  ABOVE  THE  AVERAGE. 

This  is  an  accentuation  of  the  bias  in  the  prediction  model,  and  is  largely 

ELIMINATED  BEYOND  THE  30TH  PERCENTILE.  BETWEEN  THE  30TH  AND  90TH  PERCEN¬ 
TILES  THE  PREDICTIONS  ARE  VERY  GOOD,  WITH  THE  PATTERN  CHANGING  TO  A  PLUS 
DEVIATION  EQUAL  TO  ABOUT  HALF  THE  AVERAGE. 


(2)  Based  on  Weather  Bureau  summaries  (Test  III) 

Test  111  produced  an  average  deviation  less  than  that  of  the 

ORIGINAL  20  ST  ATI  0N5;  BUT,  SINCE  THE  TEST  IS  OF  THE  LOW  AND  MID-RANGE  WIND- 
CHILL  INDICES,  THIS  IS  UNDERSTANDABLE.  HOWEVER,  AT  MORE  OF  THE  CHECK  POINTS 
THE  ACTUAL  WINDCHILL  EXCEEDED  THE  PREDICTION.  NOT  ONLY  DID  PLUS  DEVIATIONS 
OUTNUMBER  THE  MINUS  DEVIATIONS,  BUT  THE  MAGNITUDE  OF  THE  PLUS  DEVIATIONS 
WAS  GREATER  ON  THE  AVERAGE  BY  20  WINDCHILL  UNITS.  ALSO,  AT  l4  CF  THE  IB 
CHECK  POINTS,  THE  PLUS  DEVIATION  WAS  ALWAYS  GREATER  THAN  THE  MINUS  DEVIATION; 
ONLY  AT  THE  99.99  PERCENTILE  WAS  THIS  TENDENCY  REVERSED.  Th I S  PHENOMENON 
WAS  IN  CONTRAST  TO  TESTS  I  AND  i  i  AND  DESERVES  AN  EXPLANT  I  ON.  THE  KEY  TO 
THE  SOLUTION  IS  UNDOUBTEDLY  IN  THE  COARSER  WINOSPEED  BREAKDOWN  OF  THE  SOURCE 
DATA  AND  CAN  BE  ILLUSTRATED  WITH  THE  EXAMPLE  OF  THE  LEAST  POSSIBLE  (.01#) 
WINDCHILL  EXPECTED.  IT  WILL  BE  NOTED  THAT  OF  l4  STATIONS  TESTED  (TABLE  XI, 

Appendix),  1c  show  a  plus  deviation,  of  which  half  are  greater  than  the 

AVERAGE  FOR  THE  TEST  BUT  ALSO  GREATER  THAN  THE  AVERAGE  AT  EITHER  TEST  |  OR 

Test  II.  Thl  predictions  were  made  on  the  supposition  that  each  station 

WOULD  SHOW  AT  LEAST  ONE  INSTANCE  OF  0  MPH  WITH  THE  HIGHEST  TEMPERATURE. 

However,  when  windchill  for  the  bivariate  block  was  calculated  it  was  at 

an  AVERAGE  WINOSPEED  AND  TEMPERATURE  FOR  THE  BLOCK,  AND  WHILE  THE  WIND 
AVERAGE  MIGHT  BE  VERY  SMALL,  IT  WAS  ALWAYS  A  POSITIVE  AMOUNT.  THE  COARSER 
WIND  BREAK  DOWN  WOULD  TEND  TO  GIVE  A  HIGHER  AVERAGE  WIND  ASSOCIATED  WITH 
EACH  OF  THE  5-DEGREE  TEMPERATURE  BREAKDOWNS,  WITH  CONSEQUENT  HIGHER  WIND¬ 
CHILL  FACTOR,  AND  RESULTS  IN  A  SLIGHTLY  HIGHER  WINDCHILL  VALUE. 

c.  Summary  of  combined  tests 


Cumulative  frequency  distribution  of  magnitude  of  errors  is 
ICTED  F0R  EACH  0F  THE  three  tests  in  Figure  6.  The  errors  have  been 
separated  in  plus  and  MINUS  components  and  ARE  SHOWN  FOR  THE  THREE  tests 
in  _igure  7.  Averages  of  temperature  and  windspeed  and  windchill  are  given 
in  1  able  IX,  Appendix,  as  well  as  the  errors  at  each  check  point.  These 

ERRORS  ARE  SUMMARIZED  INTO!  "AVERAGE  ERROR,"  "AVERAGE-  PLUS  ERROR"  and' 

average  minus  error,"  and  included  in  the  table.  Thus  it  is  possible  to 

ASCERTAIN  IF  A  PARTICULAR  STATION  IS  ALWAYS  ABOVE  OR  BELOW  THE  AVERAGE  FOR 
THE  TEST,  OR  WHERE  IN  THE  DISTRIBUTION  THE  ERRORS  OCCUR.  GENERAL  TRENDS 
CAN  BE  ESTABLISHED.  FOR  INSTANCE: 


30 


Figure  Ji  chart  of  maonituidc  of  Plus  and  Minus  Errors 


(1)  Average  error  increases  as  the  windchill  index  increases 


Average  error  increases  at  a  rate  of  ten  units  for  each  100 

WINDCHILL  INCREASE  IN  THE  INDEX  ABOVE  800  WINDCHILL.  BELOW  800  WINDCHILL, 
THE  RANGE  OF  AVERAGE  ERROR  IS  FROM  3^  TO  100,  BUT  NO  TREND  IS  APPARENT. 

( 2 )  Errors  are  concentrated  where  effect  is  at  a  minimum 
Errors  are  concentrated  at  points  where  their  effects  are 

MINIMIZED  OR  MAY  EVEN  BE  AN  ADVANTAGE)  THAT  IS,  ACTUAL  WINDCHILL  IS  LESS 
THAN  PREDICTED  AT  SLIGHTLY  OVER  HALF  OF  THE  STATIONS  (TABLE  XI,  APPENDIX) 

AT  THE  99.99$  W I NOCH ! ' l  CHECK  POINT.  FURTHER,  THE  AVERAGE  PLUS  ERROR  IS 
15  UNITS  LESS  THAN  THE  AVERAGE  MINUS  ERROR.  THE  AVERAGE  MINUS  ERRORS 
EXCEED  AVERAGE  PLUS  ERRORS  AT  THE  90TH,  95™,  99th  PERCENTILES  AS  WELL. 

Mention  has  already  been  made  of  the  minus  errors  in  the  lower  percentiles 

AT  SEVERAL  of  THE  NORTHERN  STATIONS.  AGAIN,  THIS  CANNOT  RESULT  IN  SERIOUS 
CONSEQUENCES.  WlNDCHILL  GREATER  THAN  PREDICTED  IS  CONCENTRATED  AT  THE 
.01  PERCENTILE,  AGAIN  WHERE  IT  IS  OF  INSIGNIFICANCE.  OF  GREATER  SIGNIFI¬ 
CANCE  ARE  THE  WINDCHILL  VALUES  GREATER  THAN  PREDICTED  AT  THE  HIGHER  PER¬ 
CENTILES,  AND  THERE  ARE  SOME  OF  THEM. 

(3)  Analysis  of  types  of  error 

While  analysis  of  the  reason  for  particular  types  of  errors 

IS  ftOT  THE  PRIMARY  PURPOSE  OF  THIS  REPORT,  IT  IS  INTERESTING  TO  NOTE  THAT 
A  PARTICULAR  TYPE  OF  WINDCHILL  DISTRIBUTION  IS  ASSOCIATED  WITH  STATIONS 
WHICH  HAVE  SIMILAR  LOCATIONAL  PATTERNS.  FOR  INSTANCE,  STATIONS  LOCATED  IN 
I NTER -MOUNT Al  N  PLATEAUS  ALL  SHOW  THE  TENDENCY  Dr  MINUS  ERRORS  In  THE  LOWER 
PERCENTILES.  CALM  CONDITIONS  WITH  WARMER  TEMPERATURES  ARE  OFTEN  THE  RESULT 
OF  DESCENDING  AIR.  THIS  IS  NOTED  AT  MEDFORD,  FAIRBANKS,  GALENA,  BlG  DELTA, 

Watson  Lake,  Battleforc^  and  White  Horse.  This  same  tendency  is  also  noted 
at  stations  in  the  Arctic  Archepelago,  not  as  well  protected  from  all  sides, 

BUT  WHERE  SUBSIDENCE  OF  AIR  FROM  ALOFT  13  RESPONSIBLE  FOR  CALM  OR  LOW  WIND 
CONDITIONS  AND  WARMER  TEMPERATURES.  WHILE  AT  SOME  OF  THESE  STATIONS  THE 
AVERAGE  WIND  IS  BELOW  THAT  OF  THE  STATIONS  AS  A  WHOLE  (10.47  *pH,  TABLE 
VIII),  IT  IS  NOT  ALWAYS  THE  CASE.  IF  THE  WIND  DISTRIBUTION  IS  SKEWED  TOWARD 
THE  LOW  VALUES,  WINDCHILL  VALUES  WILL  BE  LOWER  THAN  PREDICTED  EVEN  WITH 
NORMAL  TEMPERATURE  DISTRIBUTION.  HOWEVER,  IF  TEMPERATURE  DISTRIBUTION  IS 
SKEWED  TOWARD  THE  LOWER  VALUES,  THE  TENDENCY  FOR  BELOW-AVERAGE  WINDCHILL 
VALUES  AT  THE  LOWER  PERCENTILES  WILL  BE  ACCENTUATED. 

In  CONTRAST  ARE  THE  STATIONS  OPEN  TO  THE  WIND  FROM  ALL  DIRECTIONS. 

Usually  the  average  wino  at  these  stations  was  higher  than  the  average  of 

ALL  STATIONS  TESTED  AND  TENDED  TO  FOLLOW  A  NORMAL  DISTRIBUTION.  THUS  ALL 
OF  THESE  BIVARIATE  CALCULATIONS  ARE  FIGURED  AT  A  SLIGHTLY  HIGHER  WIND 
FACTOR.  The  STATIONS  WITH  MID-CONTINENT  LOCATION  (EXEMPLIFIED  BY  CHURCHILL, 

Duluth,  Fargo,  Sioux  Falls,  Des  Moines,  Minneapolis,  La  Cross,  Chicago 
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TA3LE  X 

PREDICTED  VINDCHILL  AT  SELECTED  PERCENTILE  LEVELS 
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Figure  5:  Windchilu  Prediction  Chart 
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